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Cytological and Morphological Studies on the Gametophytes of 
Ferns XIII The Permeability of the Wall Cell of 
Antheridium to Urea and Glycerol* 


by Isami IGuRA** 


- Received March 2, 1959 


In the study on the growth and morphogenesis of fern-prothallium, Reuter‘) ex- 
amined the permeability of prothallial cell. Igura?) also has carried out the cyto- 
physiological and further the microchemical studies concering the plasmolysis form, 
the osmotic value, the permeability to urea and glycerol, the iodine reaction of starch- 
grain and the nucleic acid in the chloroplast, and TTC reaction with the prothallial 
cell in the course of the prothallium. He’) has also investigated the permeability of 
the prothallial cell to urea and glycerol by means of plasmolysis and has pointed out 
that the meristematic portion (apical part) of the prothallium has the glycerol-type 
permeability, whereas the protonema portion of the prothallium has the urea-type. 
Hereupon, to determine the permeability-ratio between urea and glycerol is significant 
for clarifying the characteristics in permeability of the wall cell of antheridium.!.3.+.5.*) 
No investigation has been carried out from this point of view up to now. Hence, the 
present study was undertaken for the purpose of making this point clear and of under- 
standing the dehiscence mechanism of antheridium. 


Materials and Methods 


Antheridia of the following species were used as materials: Athyrium melanolepis 
Christ, Athyrium rupestre Kodama, and Leptogramma totta J. Smith. Of these species 
the last one was mainly used in this experiment. 

First, behaviors of plasm of the wall cells were examined when they were plas- 
molysed with aqueous solution of urea or glycerol (1.0, 1.2M). And then, the plas- 
molysis time was determined with the aqueous solution of glucose (1.0, 1.2, 1.4M) in 
the same way as Reuter!) in order to know the permeability to water. 

For the determination of the permeability-ratio between urea and glycerol, the 
deplasmolysis time of wall cell of the antheridium in the aqueous solution of urea 
and glycerol (1.0, 1.2, 166M) was measured. The permeability coefficient (“) was 
calculated by the formula of Tréndle,’.*) ~=1—C/C’, where C is the concentration of 
aqueous solution of sucrose which is given by the incipient plasmolysis; C’ is that of 


urea or glycerol. 
Results 


The plasmolysis form and behavior of plasm in the wall cell. 

The plasmolysis form of the wall cell represented usually convex type, while the 
prothallial cell showed the concave one. These bearings did not change before and 
after the extrusion of spermatids out of the antheridium. 

The plasmolysis began to arise from a corner of the outer membrane of the 


,* Supported by the grant from the Fundamental Scientific Research of the Ministry of 


Education for “ Associated study on the Pteridophyta ”. 
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wall cell (Figs. 1 A, A’). The protoplast including cellular entities such me sa he 
chloroplasts, and granules which were stained with the 1% poten ie ae 
janus green and hence thought to be chondriosomes, approached sepeia eee 
membrane gradually. Finally, it adhered to a slightly lower portion 0 fapecae 
membrane of the ring cell, displaying the spheric state of perfect plasmolysis ( s ae 
B, B’). In the basal ring cell the behavior of plasm is the same as the rt ene 
other part of the ring cell, except that the plasm which had reached to t oe ; 
state was in contact with slightly upper portion of the inner membrane of the basa 


Fig. 1. A somewhat schematical representation of the plasmolysis 
form, and the behavior of plasm and cellular entities in 1.0M glucose 
solution in the wall cells of antheridium of Leptogramma. totta. (x 270). 
A’ is an antheridium whose lower membrane of the central cavity does 
not reach to the basal membrane of basal cell, so that the basal ring 
cell is not formed. 

—: the locus of plasmolysis. 

—: indicates the progressive change of the form of plasm and the 

situations of cellular entities. 
c, cap cell; r, ring cell; b, basal ring cell. A, A’, incipient plasmolysis; 
C, C’, “ Plasmasystrophe ”; D, E, “ Plasmasystrophe ” in the ring cell and 


the basal ring cell respectively; F, Directions of the polarity shown by 
arrows. 


ring cell (Figs. 1 B, B’). Thus the “Plasmasystrophe ”*) occurred generally after 
about 3 hours (Figs. 1 C, C’, D, E). From these facts the polarity concerning plas- 
molysis is considered to exist even in a single wall cell, either the ring cell or the 


basal ring cell of antheridium. And the polarity seems to take the direction from 
outer-side toward inner-side as was shown in Fig. 1 F. 
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The plasmolysis time and deplasmolysis time. 
The result of experiment of plasmolysis time with the aqueous solution of glucose 
is given in Table 1. 
Table 1. The plasmolysis time (minutes) of the wall cell of antheridium with 
the aqueous solution of glucose, compared with that of 
the prothallial cell of Leptogramma totta. 
(Room temperature, 19°; water temperature, 18.5°) 


Wall cell | Prothallial cell 
M = 
Ring cell | Basal ring cell | *] II II IV V 
1.0 6-7 | 7-10 | 10-13 10-15 20-25 20-25 25-35 
1.2 6-8 | 1218 lier SedO Sel 102150 lo 9 15-20% oh) 20225hee 25-95 
1.4 4-5 | 4— 6 | 5-10 5-10 10-15 15-20 20-30 


* Different regions of the prothallium.*) (VI region is omitted). 


Results of the experiments of deplasmolysis time with the aqueous solutions of 


urea and glycerol are 


shown in Table 2. 


Table 2. The deplasmolysis time (minutes) of the wall cell of antheridium with 
the aqueous solutions of urea and glycerol compared with that of 

the prothallial cell of Leptogramma totta. 

(Temperatures are the same as Table 1) 


Deplasmolysis time Plasmolysis time 
Wall cell Prothallial cell Wall cell Prothallial cell 
Agent |— 
: Basal : Basal 
peng, magi) tink Wy JV. ae ring | *I IL. I IV V 
re cell cell 
M 
1.0/180- |185—- | 200- 190- 185- 175- 165- 5-7 | 7-10 | 10- 10- 20- 35- 40- 
= 190\P= 2195/2159. 210% 12009819087 200 TSH 13) 230045 Be50 
x 1.2/190— |190— | 215- 195- 195- 190- 175- 46 | 6-8] 10- 10—- 20- 30- 40- 
~ 200 eZ aco lope 2tos 200) 190 iey iI) Ye 
1.6 /200— |200— | 235- 235- 200— 200- 165- 45|)5-7)|) 7- 7- 15- 25- 35- 
DS Atom e220 220) LOO Ke lt) Pe BS) 
a 1.0/150— |145- | 220- 195- 180- 140- 125- 6-9 | 8-10 | 20- 25- 45- 55— 70- 
° 160} 160) 230 215 190 145 140 Die SO0ne bore 67a S90 
o 1.2/160- |150—- | 230- 200—- 180- 150- 130- 6-8 | 6-9 | 15- 20- 40- 55- 60- 
5 185/570) 9.2400 220) 1955 160. 150 20 oO Ooms SU) 
1.6/170— |170- | 250- 240- 200- 180- 140- 5-7 | 5-8} 10- 15- 30- 45- 50- 
190] som 200" § 250" Zio” 195 160 lism VAs i Ogee ey ae) 


* The same as Table 1. 


Reuter!) has presumed that water-permeability based on the rate of plasmolysis 
in the aqueous solution of glucose and she assumed that the time necessary for the 
cell to reach to the state of perfect plasmolysis seemed to be in correlation with the 
viscosity of the plasm. According to the results of her experiments with 1.0M aqueous 
solution of glucose, longer plasmolysis time was shown in the younger cell. And 
then, she concluded that this phenomenon may be due to higher cohesiveness between 
plasm and membrane and smaller permeability to water. 
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From the results obtained in Table 1 of this paper it is shown that the plasmolysis 
time of the wall cell of antheridium was shorter than that of the prothallial cell, when 
they were plasmolysed with 1.0M (1.2, 1.4M also) aqueous solution of glucose (the 
similar tendency in plasmolysis time with the aqueous solutions of urea and glycerol 
was observed as was given in Table 2). From this fact it may be considered that 
the cohesiveness between plasm and membrane of the wall cells should be slight and 
the water-permeability of these cells higher. In wall cells of the antheridium, the 
plasmolysis time of the ring cell is a little shorter than that of the basal ring cell. 
This phenomenon may be due to the fact that the cohesiveness between plasm and 
membrane of the ring cell is a little low and also the permeability to water is high. 

Results of Table 2 indicate that the deplasmolysis time of the wall cell is shorter 
on the average than that of the prothallial cell in either aqueous solution of urea or 
glycerol and the deplasmolysis time of the wall cell in the aqueous solution of glycerol 
is generally shorter than that in the aqueous solution of urea. Considering from these 
results, it is clear that the permeability of the wall cell to both urea and glycerol is 
higher than that of the prothallial cell, and the permeability of the basal ring cell 
to glycerol is higher than that of the ring cell. Concerning the permeability- 
ratio between urea and glycerol, the wall cells of both ring cell and basal ring cell 
of the antheridium are more permeable to glycerol than to urea. Accordingly type 
of permeability of wall cells belongs to glycerol-type. This type of permeability is 
generally found only in the younger cells of meristematic region of the prothallium.*) 
This fact is considered to be noteworthy. 

According to the results of the preceding study,") the osmotic values corresponding 
to the suction force of the wall cell were 0.98M aqueous solution of sucrose and 0.92M 
of urea respectively. In the present investigation, meanwhile, the osmotic value cor- 
responding to the suction force was measured to be 0.96M aqueous solution of glycerol, 
using the same method as in the case of the preceding study. Therefore, the perme- 
ability coefficients (#) of urea and glycerol were —0.07 and —0.02 respectively. Thus 
the reason why the permeability-ratio of sucrose to these substances becomes to nega- 
tive value seems to be due to the fact that both urea and glycerol are more permeable 
than sucrose to the wall cells. From this fact, it may be concluded that the perme- 
ability coefficient of glycerol is larger than that of urea for the wall cell of antheridium. 


Discussion and Conclusion 


The plasmolysis type of the wall cell was usually convex type. Furthermore, 
the contracted plasm by plasmolysis located itself adhering to the inner membrane of 
the wall cell (membrane of the central cavity). The writer*) reported previously the 
phenomenon, “ Plasmasystrophe ” occurred in the prothallial cell. The similar “ Plasma- 
systrophe ” was observed in the wall cell at the side of inner membrane. This fact 
implies that the physico-chemical nature of the protoplast at the inner- and outer- 
portions of the wall cell is not uniformly constructed even in a single wall cell. This 
caused the presence of physiological polarity within a cell, taking the direction from 
outside toward inside. Therefore, swelling of wall cells of the antheridium runs along 
the direction of this polarity upon the dehiscence of antheridium. This mechanism 
appears to be advantageous for the dehiscence of antheridium, and consequently the 
extrusion of spermatids. 

The wall cell is more permeable to glycerol than to urea. This phenomenon is 
convincible by the fact that the permeability coefficient of glycerol is larger than that 
of urea. Miickschitz®) examined the permeability of the floral leaf-cell in Crocus 
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vernus, Tulipa Gesneriana, etc. to urea and glycerol. According to him, the epidermal 
cell in the budding stage of these plants revealed a higher value in permeability, while 
the permeability to urea and glycerol of the matured or old flower became gradually 
lower. According to Url,*.) the permeability of the epidermal cell of young basal 
zone of the peduncle of Taraxacum officinale exhibited the glycerol-type, whereas 
that of old apical zone did the urea-type. These facts may draw the conclusion that 
the active young cell reveals higher permeability and the glycerol-type of permeability. 
The permeability type of the wall cell of antheridium was glycerol-type which was 
generally seen in cells of meristematic region of the prothallium, differing from the 
other region of the prothallium where the urea-type is usually seen. From these 
facts it may be concluded that the glycerol-type of permeability is a characteristic of 
the wall cell which is in high activity. Thus, the evidence that the wall cell of 
antheridium has the glycerol-type of permeability seems to be significant for the 
understanding of mechanism of antheridium. 


Summary 


Concerning the permeability of the wall cell, i.e. the ring cell and the basal ring 
cell of antheridium of Leptogramma totta J. Smith mainly to urea and glycerol, the 
following facts were cleared. 

1. As to the plasmolysis form and the behavior of the wall cell of antheridium, 
it was ascertained that the plasmolysis form was convex-type, the plasmolysis began 
to arise at the corner of outer plasm, and the “ Plasmasystrophe ” was observed at 
the inner part of the wall cell. These facts indicate the existence of physiological 
polarity even in a single wall cell in the direction from outside toward inside. 

2. The type of permeability of the wall cell belongs to the glycerol-type which 
was found in the meristematic region of the prothallium. 

3. It may be considered that the glycerol-type of permeability is a characteristic 
of the highly acting cell and that the activity of the wall cell of antheridium is also 
high. This fact may be advantageous for the dehiscence of antheridium. 


The writer expresses his cordial gratitude to Prof. A. Yuasa, University of Tokyo, 
and Prof. T. Miwa, Tokyo University of Education, for their criticisms and suggestions 
and for their revising the manuscript. 
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The Influence of Nutrients on the Growth of Plant Populations 
under Different Densities 
Relations of Plant Communities to Edaphic Factors with 
Special Reference to Mineral Nutrition III 


by Yasuhiko TEzuKA* 


Received March 25, 1959 


Since the classical work by Clements ef al.1), many investigations have been 
made on the effects of density on the growth of plant populations?.3.4.5.6.7). Notable 
among them are the recent investigations by Kira et ai.‘.5), who have derived an em- 
pirical formula from their experimental results. Now it is a well-known fact that the 
density effect can be broadly seen in crop plantations as well as herbaceous or arbore- 
ous communities in the natural field. However, the mechanism which is working be- 
hind and representing the phenomena has scarcely been pursued so far. As Clements 
already stated, the mechanism should be looked for in the fact that plants within a 
population compete with each other for several factors, i.e. light, water and mineral 
nutrients, inevitable for their growth. And, the effects of the environmental factors 
are almost always so integrated that careful parallel analyses are needed for the 
proper evaluation of the role of each factor. 

The present investigation was undertaken to clarify how mineral nutrients influ- 
ence the growth of plant populations under different densities. Answering this prob- 
lem, two series of experiments were carried out; the one was a preliminary experi- 
ment on the density effect of plant populations under water culture conditions and 
the other of artificial buckwheat communities under natural field conditions. The 
latter was carried out in co-operation with Dr. Iwaki, Mr. Kuroiwa and Dr. Midori- 
kawa. Analyzing dry matter production of the buckwheat communities, Iwaki’) has 
succeeded in clarifying the significance of light factor for the growth of communities 
with different densities. Micro-climatological aspect and distribution of carbon dioxide 
in the communities have already been reported respectively by Kuroiwa and Monsii) 
and Midorikawa’). 


A. An experiment of density effect under water culture conditions 


As experimental material Brassica cernua was used. After ten days from ger- 
mination on well-boiled saw-dust, seedlings, whose mean dry weight was 1.8 mg., 
were transplanted to culture solutions of various concentrations. As water culture 
vessels were used Petri-dishes, which were 20cm. in diameter and contained 700 ml. 
of solution, covered with black paper to prevent algae from growing in solutions. 
The nutritional levels were prepared by simple dilution at the concentrations of 1/1, 
1/10 and 1/100 of normal solution, of which constitution was the same as that pre- 
scribed in a previous paper’), and at each nutrient level three plant densities, 5, 17 
and 41 plants per vessel, were settled. Accordingly there came 9 sorts of different 
combination of nutritional levels and plant densities, being designated as 1/1-5, 1/10-17, 
1/100-41, etc. These culture vessels were held in a frame outdoors for 30 days, from 
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October 25 to November 24, 1954. Throughout the culture period the solutions Ss 
not renewed, only with adding distilled water to keep the water level in the rae 
constantly at 2cm. below the wooden lid supporting the plants. After 30 days e ‘ 
vation, the plants were harvested to measure their a aakie Ey and the amounts o 
inci ients remaining in the solutions were determined. 

Baers em ee 1/100—41 ute soon stopped their growth and then the plants of 
other series ceased to grow in the following sequence; 1/100-17, 1/100-5, 1/10-41, 
1/10-17, 1/10-5 and 1/1-41. Only the plants of 1/1-5 and 11-17 series continued their 
growth up to the end of the cultivation. The plants which stopped their growth 
showed strikingly the visual symptom of nitrogen deficiency, 1.e. pale-yellowish, 
sickly color of leaves’*). The appearance of the plant populations of 30-days cultiva- 
tion is seen in Fig. 1. Dry weight of individuals and that of the populations are 
illustrated in Fig. 2. From the results the following can be observed. 


Zz 
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Fig. 1. A photograph showing the ap- Fig. 2. Dry weights of individual (left) and popu- 
pearance of the Brassica plants grown |ation (right) of Brassica plants after 30-days cul- 
under different densities and nutritional tivation. —Q—: 1/1 conc., —x—: 1/10 conc., 
levels. Upper group: 1/100 conc. Middle —A—: 1/100 conc. 
group: 1/10 conc. Lower group: 1/1 conc. 

In every group, from left to right; 41, 17 
and 5 plants per vessel. 


At the same population density, maximum growth in individual as well as in 
whole population rose in accordance with nutrient supply increase, and at the same 
nutrient level, the higher the population density, the smaller became the maximum 
growth of individuals. The maximum total dry weight of populations, however, was 
at 1/10 and 1/100 nutrient level respectively a fixed value independently of the popu- 
lation density, in consideration of the difference in total weight of planted seedlings. 
At 1/1 nutrient level considerable difference was observed among dry weights of the 
populations of different densities: this might be due to the fact that the maximum 
plant growth was not reached at the 1/1-5 and 1/1-17 series by the end of the culti- 
vation. A definite maximum would also be expected for the final dry weight of 
populations with different densities at this high nutrient level, because the maximum 
growth is usually not determined by ion concentration itself but by the whole availa- 
ble amount of ions, as reported in previous papers”™,11), 

In addition to such differences in dry weight growth, it is also interesting that 
the ratio between leaf, stem and root changes strikingly under the varying conditions 


~ 
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(Table 1). The higher the nutritional level and the smaller the plant density, the 
larger becomes the distribution of dry matter to leaves. This trend may be due to 


Table 1. The ratio of leaf, stem and root of water-cultured Brassica cernua, 
expressed by percentage of dry weight, and C/F ratio (the ratio 
of non-photosynthetic system to photosynthetic system). 


Series 
Group 5 7, Fe = 4] we 
Leaf Stem Root C/F Leaf Stem Root C/F Leaf Stem Root C/F 
1/1 81 3 16 0.23 76 if 17 0.32 16 8 if 0.33 
1/10 73 5 22 0.37 60 12 28 0.67 54 15 31 0.85 
1/100 46 9 45 Na br 47 13 40 113 44 18 38 WPA 


the fact that a large amount of mineral nutrients, especially of nitrogen, is generally 
required for the normal development of leaves, and as a whole it coincides with 
Iwaki’s results in buckwheat concerning C/F ratio (the ratio of non-photosynthetic 
system to photosynthetic system). On the other hand, chemical analyses of the nutrient 
solutions at the end of cultivation clearly showed that all of nitrogen, phosphorus 
and calcium were exhausted in every series but 1/1-5. 

From these results the observed density effect seems to be elucidated mainly as 
the competition among plant individuals for the nutrients, because other factors, in- 
cluding light factor, than mineral nutrients were kept relatively constant throughout 
the experiment, especially in case of the lower nutrient level. At the highest nutrient 
level some competition for light might occur among crowded plants at the later stage 
of cultivation. Moreover, such a result as that obtained is also seen in Knapp’s 
theoretical treatment. 


B. An experiment under field conditions 


As for culture and sampling methods details have already been reported by Iwaki’), 
so the procedure will be stated here only briefly. Seeds of buckwheat (Fagopyrum 
esculentum) were sown in a square disposition of 5cm., 10cm. and 20cm. spacing 
(400, 100 and 25 plants/sq.m., resp.), in an experimental field of the Toride Upper 
Secondary School, Ibaraki Pref., on June 2, 1955. Prior to the sowing the field soil 
was fertilized with 15g. of chemical manure per square meter, containing 10% total 
nitrogen, 7.0% soluble phosphate and 6.0% soluble potassium. The first sampling 
was made on June 11 and further samplings were done on every 7 days. 

In order to clarify the relation of soil nutrient factors to the growth of the plant 
populations, the nutrient content of leaves, stems and roots, and the total amounts 
accumulated in the stands of each plot were determined. 

Chemical analyses of total nitrogen, phosphorus and iron in the plant tissues were 
performed according to the methods described in a previous paper’). Potassium and 
calcium content were determined with a Perkin-Elmer-flamephotometer. Magnesium 
was determined as the difference between the sum total of Ca+Mg measured with 
EDTA reagent and the amount of Ca determined beforehand. 

The growth of the buckwheat populations:—The growth of these buckwheat pop- 
ulations was discussed in detail in Iwaki’s paper’). Accordingly, only main points 
will be summarized here. The difference of dry weights of the population or of 
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standing crop/sq.m. among the 5cm., 10cm. and 20cm. plots became smaller and 
smaller with growing up of the plants, for example at the end of the experiment, 
on July 23, the values were 622g., 544g. and 490g. (1:0.87 :0.79) respectively. On 
the contrary, weights of individuals at that time were widely different among the 


TOTAL P (% OF D. W.) TOTAL N (% OF D. W.) 


POTASSIUM (% OF D. W.) 
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Fig. 3. Changes of concentration 
of total nitrogen, phosphorus and po- 
tassium at successive stages of growth 
in leaves, stems and roots of the buck- 
wheat plants. —(Q-W—: the 5cm. plot, 


—x—: the 10cm. plot, '(—A—: 


20 cm. plot. 


the 


plots, i.e. in the ratio of 1:4:13( cf. also Kira et 
al.*.)), Moreover, the interesting fact was the 
higher C/F ratio of the denser populations in the 
logarithmic phase of growth, e.g. on July 25, 1.64 
in the 5cm. plot against 1.11 in the 10cm., 0.67 
in the 20cm. plot. These results coincide in 
general with those of the above mentioned water 
culture of Brassica cernua. 

Further analytical discussion is necessary to 
elucidate the mechanism, which was working to 
make the different growth of the buckwheat popu- 
lations with different densities. Concerning light 
factor and dry matter production of these popu- 
lations a paper has already been submitted by 
Iwaki”). In that case he has succeeded in ex- 
planation of the growth difference by reconstruction 
of growth curves with photosynthetic and respira- 
tory activities, C/F ratio, leaf area and light condi- 
tions in the communities, without special considera- 
tion of mineral nutrient factors. It is, however, 
generally very difficult in the field research defi- 
nitely to clarify which factor can influence the 
growth of a plant or plant community decisively, 
because any single factor can not change itself 
under natural conditions without changing the 
other factors'*). Consequently in the present paper, 
attention was focused particularly upon how much 
amount of nutrients was absorbed by plants under 
different density conditions, which might largely 
influence the plant growth. This phase of inves- 
tigations may have practically considerable signi- 
ficance for the proper management of soil fertility. 

Dynamics of mineral nutrients within the 
plant populations:—The changes of nitrogen, phos- 
phorus and potassium concentrations in leaves, 
stems and roots at successive stages of growth in 
each plot are indicated in Fig. 3. Nitrogen con- 
centration in each organ decreased with growth, 
and the denser the population, the rapider was 
the decrease just in the most vigorously growing 
period, so the lower nitrogen concentration was 
observed in the denser population, especially in 
roots. Phosphorus concentration also decreased 
generally with growth of each organ, but a trend 
of slight accumulation of phosphorus could be seen 
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in each organ of the 5cm. plot, though the graphs showed considerable variability. 
This seems rather indirectly to indicate symptoms of nitrogen deficiency in the plants 
of the highest population (cf. 10). Potassium concentration maintained almost a con- 
stant level or decreased very slightly in leaves and roots throughout the experimental 
period, while its concentration in stem was as high as 8 to 10% in the early develop- 
mental stage, but rapidly decreased with plant growth up to the same level as in 
leaves. In the potassium concentration in leaves the lowest was observed at the 
highest population. 

Fig. 4 illustrates the nutrient accumulation by the whole buckwheat stand (per 
sq.m.) in the 5cm., 10cm. and 20cm. plots. These values were calculated from the 
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Fig. 4. Amounts of accumulated nutrients (g./m.2 land area) in buckwheat 
stands of three kinds of spacing. —-C)—: the 5cm. plot, —x—: the 10cm. 
plot, —A—: the 20cm. plot. 


nutrient concentration and dry weight of each organ, as total sum of nutrients ac- 
cumulated by plants. The amount of every nutrient accumulated in the stand in- 
creased of course in parallel with plant growth, and no limitation was observed in 
any element other than nitrogen, by July 9. As for nitrogen there was no conspicu- 
ous difference among the maximum amounts accumulated by the populations of dif- 
ferent densities, though the amount absorbed in the 20cm. plot was slightly lower 
than that in the other plots, because of low standing crop, or rather small leaf 
amount (in the 5cm., plot 85.2 g., in the 10cm. 92.5g., and in the 20cm. plot 61.2 g. 
/sq. m.), and it was noticeable that the highest accumulation was already obtained on 
July 2 in every plot. 

From the facts that the difference in the concentration of nutrients among the 
populations was small and the limitation of nutrient, other than nitrogen, did not 
occur, the nutrient salts seemed hardly to be responsible for the growth difference 
among the stands with different densities, as we see in Helianthus tuberosus stands 
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(Hogetsu et al."), in press), and so this might make possible to obtain good coinci- 
dence of Iwaki’s calculated growth curves, which he constructed with consideration 
mainly photosynthetic and respiratory activities and light conditions, with the observed 
ones. In the case of calculation, however, he had also to take into consideration the 
large value of C/F ratio and low photosynthetic activity of leaves in the highest 
density plot of 5cm. spacing. These features in the 5cm. plot seems to be caused 
rather by weak nitrogen deficiency, as indicated by low nitrogen concentration (and 
also high phosphorus concentration) in each organ. Moreover, the accumulated nitro- 
gen amount was 5-6g./sq.m. and this was 3-4 times larger than the supplied nitrogen 
in fertilizer, though high nutrition supply would also be expected from the field soil. 
These results may suggest for the sake of complete elucidation of density effect the 
necessity of further precise investigation on the micro-rhizosphere of the individual 
plant and on the relation between nutrient supply and morphological and physiological 
changes of the plant grown with varying density. 


Summary 


1. Relations between nutrient supply and growth of plant populations with vary- 
ing densities were studied in Brassica cernua water-cultured, and in buckwheat culti- 
vated in the field (cf. Iwaki’)). 

2. Generally speaking, the larger the density, the lower becomes the maximum 
growth of individuals. So the maximum growth of the whole population has a tend- 
ency to converge to a fixed value under a given condition and, especially in the case 
of lower nutritional level, is limited by amount of nutrients available to plant growth, 
without interference of light factor. 

3. In the buckwheat stands some limitation of accumulation was observed in 
nitrogen after its rapid absorption in the early stage of growth, but phosphorus, 
potassium, calcium, magnesium and iron did not indicate such limitation of accumu- 
lation. 

4. The low nitrogen concentration in each organ of the buckwheat plants of the 
highest density with 5cm. spacing seems to be a reason for low photosynthetic ac- 
tivity of the leaves and high C/F ratio (the ratio of non-photosynthetic to photo- 
synthetic system): these two features generally cause the low growth rate of the 
plants in the overpopulated stand with depleted light conditions. 


The author is indebted to Prof. K. Hogetsu and Prof. M. Monsi for their advice 
and criticism. A part of the present investigation was financed by a grant-in-aid 
from the Research Fund of the Ministry of Education. 
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Effect of Water Economy on Plant Growth 2 
An Analysis of Water Economy of Water-cultured Tobacco Plant* 


by Tsumugu ToTsuKA** and Masami MonsI** 


Received July 31, 1959 


As to the problems of the water economy of plants, innumerable investigations 
have been made on transpiration, water absorption and transmission of plants. How- 
ever, most of them are not enough comprehensive to build up a general scope of 
water economy as a whole, because they are mainly concerned separately with any 
of the components of the water economy. A real necessity in discussion of the water 
economy is the quantitative appreciation of interrelations of the water absorption, 
transmission, and transpiration of plants. 

Montfort!) reported that water balance of plants is determined by the ratio of 
their transpiration T to their water absorption A at unit time interval; when T= A, 
plants can maintain their turgidity and normal activity, while T> A, they will wilt 
sooner or later whether wilting symptoms are visual or not. Moreover, Huber?) 
proposed an equation concerning the water economy of plants, in which he had defined 
many logical components responsible for the water balance, though the water trans- 
mission in stem and the leaf water content were neglected. 

The purpose of the present study was analytically to elucidate the quantitative 
relationship of the amount of active roots to that of transpiring leaves in the water 
economy of water-cultured tobacco plants based on the experimental data reported in 
a previous paper*), where the material and method were mentioned in detail. 


1. Development of root and leaf area: 

In discussion of water economy in plants, it is, above all, necessary to pursue 
the relation between the growth of root surface responsible for the water uptake and 
transpiring leaves. The variations with time in leaf area and in root fresh weight 
given in Table 1 demonstrate clearly the following facts of interest: The relative 
growth rate of leaf area‘) of water-cultured tobacco plants in the 2, 4, 6 and 8cm.- 
sets where the figures indicate the depth of nutrient solution surface from the top 
of culture pots, was 0.83, 0.82, 0.62 and 0.59, respectively, i.e., decreasing with 
depression of water level of pots for first 3 days after beginning the experiment. 
During next 4 days, however, the value was the greatest at the deepest set to be 
0.63, 0.69, 0.71 and 0.86 in each set. At the starting of the experiment, the ratio of 
the submerged part to the aerial part in roots showed naturally steep gradient between 
the sets, but afterwards the submerged roots of lower water level’s sets increased so 
rapidly that the ratio in all sets became almost the same value only after 3 days. 
Judging from these facts, it is likely that the aerial part of roots increases in ac- 
cordance with the growth of submerged root, that is, the part of roots relating to 
the water transmission may be developed with increase of the water absorbing roots. 

The relationship between fresh weight of the submerged roots and their surface 
area was investigated. Suppose the shape of a submerged root to be cylindrical, the 
equation indicating the relation of the root surface S to its fresh weight W can be 


* Supported by the Grant in Aid of Scientific Research of the Ministry of Education. 
** Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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Table 1. Effect of water level lowering on the increase of leaf area, and of fresh weights 
of aevial and submerged parts of roots. The dry weight of them was tabulated 
In a previous paper*). Experiments were started on April 14, 1959. 


Root fresh weight 
Water level i ; the ratio 
Date lowering Leaf area total aerial submerged of s/t 
(t) (a) (s) 
ot ee sq. cm. mg. mg. mg. (%) 
2 cm lala th 424.0 180 244.0 As 57 ae. 
Apr. 14 4 cm 52.0 450.3 360 90.3 20.0 
6 cm 54.6 443.0 404 39.0 8.8 
8 cm 57.0 462.6 448 14.6 Bae) 
yeqerne 102 980 eae 453 46.2 
Apr. 17 4 cm 95 904 487 417 46.1 
6 cm 88 834 487 347 41.6 
8 cm 91 1039 655 384 37.0 
2 ci. 223 2036 893 1143 56.1 
Apr..21 4 cm. 196 1986 663 1323 66.6 
6 cm 181 2039 1006 1033 50.6 
8 cm 151 1808 1095 713 59.4 
act 357 3676 1946 1730 47.0 
Apr. 25 4 cm. 333 2393 780 1613 67.3 
6 cm. 302 2436 1053 1383 56.7 
8 cm 280 2638 1233 1405 43.1 


obtained as follows; S=4W/oD, where p shows the specific gravity of submerged 
roots, which was measured with pycnometer as 1.1 in average, and D is the diameter 
of submerged roots, i.e., 0.33 mm. in average measured at 2cm. depth in the solution, 
changing slightly with plant development. Therefore, it might be concluded that the 
root surface is of direct proportion to the fresh weight, or the fresh submerged root 
of 1 mg. had about 10sq. mm. root surface. Un- 
fortunately, the computation of S was done here 8 
without any considerations of root hairs because 
of technical difficulties. 

In order to clarify the relation between root 
growth and leaf area increase, the variation with 
time in the already mentioned active root/leaf 
area ratio (cf. (3)), i.e., the ratio of submerged 
part of roots in mg. fresh weight (Cw) to leaf 
area in sq. cm. (F) was charted in Fig. 1 by 
using the figures shown in Table 1 in a previous ; i 
paper*). The ratios varied scarcely with time ac Hye tooy) le CU alee (mg. PR isc 
: ; : cm.) at various water level’s sets. (O 
in the 2cm.-set, but extremely increased in the 9 on., @ 4emIMerecnil; @rsen ets), 
other sets for first 3 days after starting the 
experiment, until they had reached nearly the same value in all sets. The relation be- 
tween C, and F was illustrated with a regression line in Fig. 2, i.e., F = 187.2 Cw+12.9, 
obtained by the least square method, while no special relation was demonstrated be- 
tween the total fresh weight of roots and the leaf area. From the regression line 
and the above mentioned surface-weight relation in root, it follows that the amount 
of water transpired from the leaf surface of 1sq.cm. under 1cm. Hg saturation 
deficit can in average be offset by the water absorption through the root surface of 


0.5 sq. cm. (5 mg. f. w. or 5.3cm. long). 


Active root 
/leaf area ratio 
iw} > [o>) 


(=) 


Days 


Fig. 1. Variation with time of the 
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After all, the foregoing facts show exactly that the roots active in water absorption 
grow in proportion to leaf area increase after the active root/leaf area ratio recovered 
a normal value, and consequently may suggest that the ratio changes itself along with 
the water balance of the plant and can be maintained 
in a constant value under an environmental condition 
where a definite transpiration rate can be expected. 

The relationship between the changes of the active 
root/leaf area ratio and the water deficiency of plant 
organs has already been discussed in a previous paper 
(see, Totsuka and Monsi 1959%), p. 370). 


2. Leaf water index as a measure of a leaf water 
content: 

The water content of a leaf is usually expressed 
in percentage of fresh or dry weight. But these values 
are variable ones even under normal leaf water con- 
ditions, as pointed out by Koketsu®). For example, the 
percentage on the dry weight basis can fluctuate with two 
variables, the amount of water and that of dry matter 
contained in unit leaf area, as in the following equation; 


(se) 
i=) 
S 


Leaf area per plant (sq. cm.) 
i] 
=] 


9 1 2 Water content (%) _(Ws— Wa)/F 100 
Submerged roots (g.f.w.) on dry weight basis Wal F 


Fig. 2. Correlation between where W;, Wa and F indicate fresh and dry weight 
the leaf area and the active sub- OF Jeaves and their area, respectively. 
merged root. The correlation F etre : 
pi Sane or the sake of clarifying this, the results of some 
coefficient is 0.97. Indications as : ; : 
fresh: experiments will be shown briefly. The changes of 
water content on both bases were examined in two equally 
grown tobacco plants of about 1 g.d.w., water-cultured under the experimental con- 
ditions reported before*), 30 days after sowing. One of them was allowed to wilt by 
picking up the roots from culture solution for 3 hours and the other was kept in the 
normal conditions. As clearly shown in Table 2, in the wilted plant the water amount 
in unit leaf area was heavily depressed in the lower leaves where the extreme wilting 


Table 2. Comparison of leaf water content on dry weight basis (%) with that on leaf 
area basis (leaf water index L WI mg. H,O/sq. cm.) in a turgid control and 
a wilted tobacco plant (see text). Leaf dry weight of unit leaf area 
(Leaf dry matter index LMI mg.d.w./sq.cm.) is also given. 


Control Plant Wilted “Plat 
Number |—— = a 
of leaf leaf water content leaf water content 
node from | — - eee LMI _ LMI 
the apex | dry weight d eight 
basis LWI ae LWI 
2 558 23.0 ; 0.41 7) Tait | = cr: 9 
3 567 oessi 0.40 503 24.4 0.49 
4 612 21.5 0.35 634 22.4 0.35 
5 641 Paes 0.33 651 20.6 0.32 
6 638 Zand 0.35 669 20 EL 0.30 
7 707 22.6 0.32 655 17.9 0.26 
8 — — — 689 17.9 0.26 
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could be observed, while the water content on dry weight basis did not indicate such 
clear depression. Another investigation whose main results were illustrated in Fig. 3 
indicates that the leaf water amount in unit area was nearly constant in leaves of 
young tobacco plants after 4 weeks from sowing, despite of wide range of water 
content on dry weight basis, which fluctuated with the fluctuation of the leaf dry 
weight in unit leaf area. 


From these facts, it is quite evident 
that the better fitness in expression of the 
leaf water is observed on leaf area basis 
rather than on dry weight basis (cf. also 
Koketsu), because with the latter the grad- 
ing of leaf wilting can not be evaluated 
properly even in case of the visual wilting 
of plant. Moreover, the morphological Water content percentage x 100 
characteristics of leaves relating to their on dry weight basis 
water conditions are determined by two Fig. 3. Diagram showing the constancy of the 
factors, i.e., the water amount and the leaf water index, in spite of wide variation of 
dry amount in unit leaf area. Both factors the leaf water content on dry weight basis. 
influence also the dry matter production in the plant indirectly through determining 
the leaf thickness and assimilatory area, and they may in plant ecology be of im- 
portance enough to be designated in terms of leaf water index (LWI=(W;— Wa)/F, mg. 
H.O/sq. cm.) and leaf dry matter index (LMI=Wa/F mg. d. w./sq.cm.), respectively. 

Table 3 shows the values of LWJ and LMI in different species computed from 
Monsi’s data*). There are slight differences in LWJ between evergreen broad-leaved 
trees and herbs, whereas in LMJ the former show larger values than the latter in 
general. It is understandable, therefore, that the evergreen broad leaves have the 
following characters; the water content is considerably lower than that of herbs, 


Leaf water index 
(mg. H2O/sq. cm.) 


Table 3. Leaf dry matter index and leaf water index in various plants classified 
by life forms. Calculated from the data in Monsi 19448), 


r ’ ‘ Month 

Life form ieabuced LMI LWI 

Aphananthe aspera Sep: 6.0 9.9 

Reciduous broad | Sambucus Sieboldiana Aug. 6.4 19.2 

Cornus controversa Jun. | 6.1 12.4 

*Rhododendron hortense Jun. 7.8 ID 

Evergreen broad- Evonymus japonica Aug. 10.3 22.0 

ieovedivccs Camellia Sasanqua Apr. 15.6 17.7 

Ilex integra Apr. 15.0 20.7 

Impatiens Balsamina Aug. | 2.9 20.2 

Mirabilis Jalapa Jul. soo} 24.4 

Herbs Vicia Faba Jan. Pi, 18.2 

Helianthus annuus Jul. oth 18.6 

Commelina communis Jun. ae eh 

Leat succulent Sedum alboresum Aug. 8.9 102.1 
plant 


* Summer leaf. 
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though the leaves develop in thickness. On the other hand, in a leaf succulent 
Sedum alboresum the large value of LWI and somewhat low LMI prove the well 
developed water storage organs in the leaves. 

From the above facts, it is better to express leaf water content with that in unit 
area whenever the water economy of plants may be discussed in the interrelation 
between changes of the leaf water content and the transpiration from the leaf surface. 
Moreover, the expression of leaf water amount in the same unit as that of precipi- 
tation should make the quantitative analysis of water economy of plant community 
as a whole and the calculation of the quota for irrigation easier. 


3. Formulation of the water economy: 

The water deficiency of a plant under severe environmental conditions reveals 
itself chiefly in the leaf which transpires a large amount of water, while that of stem 
and root is scarce®.’), Therefore, except for extremely detrimental water conditions, 
there will generally be no extreme errors in discussion of water economy of an intact 
plant even if the water content of stems and roots is taken no account of in the 
equation discussed below. 

In order to interprete the leaf water deficiency which was induced in the tobacco 
plant by the water level lowering, the following equation concerning the water econo- 
my in leaves was obtained with basic consideration of the equation after Montfort’); 


Water; balance= Ar-Ciu=—Gpdg-3).. 3, tee ae ene 


A; is a coefficient of water absorption through unit fresh weight of root: Cw, fresh 
weight of roots active in water absorption (mg.):d, saturation deficit (cm. Hg.) of the 
surrounding air: 71, transpiration rate (mg. H2O/sq. cm./hr./cm. Hg) and F is total leaf 
area (sq.cm.). If the normal leaf water amount is represented by LWi, the actual 
leaf water amount of unit leaf area LWIJ is given by the following equation; 


LWI=LWIo+(Ac-ColF—d-T)). .. s+000. caueeeenae ee 


and when the value of d-7, exceeds that of A:-C./F, the water deficit of leaves will 
occur, that is, 


d-Ti—At-Cw/F 
LWlh 
The main components in the equation, 7; and A;, will be discussed in the following. 


a) The variation of transpiration rate with the active root/leaf area ratio. 

Transpiration of entire plants with various water levels of culture solution was 
measured by a weighing method. The results thus obtained were converted into the 
unit of mg. H2O/sq. cm./hr./em. Hg after deduction of stem transpiration (14.1 mg. H.O 
/g.f.w./hr./cm. Hg). No daily fluctuation in the transpiration rate was observed in 
the tobacco plants grown under the constant conditions of growth cabinet. 

There are several works indicating the relation of transpiration of an entire plant 
to the total root/leaf surface ratio®.»), showing some correlation between them. Here 
however, in place of the ratio, the active root/leaf area ratio was used, because sie 
parts of roots which have no ability to absorb water, e.g., taproot, are always in- 
cluded in the total weight of roots. As already reported*), the transpiration rate was 
decreased in accordance with the progress of water deficit in leaves. Also the tran- 
spiration rate, if plotted against the active root/leaf area ratio, showed that any 
reduction of the rate did not occur under a normal leaf water condition with 4.5 to 
7 of the ratio, but an almost linear depression in the transpiration rate was induced 


Relative water deficit (9%) in the leaf= 


X10 ki asl cay 
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by further reduction in the ratio (Fig. 4). The transpiration rate under normal leaf 
water conditions was in a range of 5 to 6mg. H:O (5.5 mg. in average)/sq. cm./hr. 
/cm. Hg. which was also indicated by another series of experiments. 


b) Relation of the amount of submerged roots to the water absorption and transpiration. 
In order to obtain the coefficient of water absorption through root surface, the 
total amount of absorbed water by a tobacco plant was determined volumetrically 
with a burette under a regulated condition of a growth cabinet (25°+-0.5°, 1.2—0.9 
cm. Hg) as hourly water loss from a small con- 


dee tainer. The materials used here were the same 
; ones which were sampled for plant weight 
o determinations (cf. Totsuka and Monsi?)). 
There was a linear relationship between 
the amount of the submerged roots (Cw) and 
a5 that of water absorbed (A), as shown in Fig. 
5. The regression line (the coefficient of 0.96) 
i =_— 1 
cn CO PN a ty 


6 
4 


calculated by the least square method is A 
=0.885C,,+0.177. Based on this, the value 
of the coefficient of water absorption A:, 

Active root/leaf area ratio could be estimated as 1.0 mg. H.O/mg. f.w./hr. 
Fig. 4. Relation of the transpiration rate 1 average under the given conditions. 

The amount of total transpiration from 
the shoot was investigated by a weighing 
method in parallel with the measurements of water absorption. The total transpi- 
ration showed as well a linear relation to the amount of submerged roots to coincide 
with the trend of water absorption (see also Fig. 5). This proves quite clearly the 
well known fact that when the water balance ina plant is kept normally, the amount 
of water absorbed through the root system is directly ” 
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Transpiration rate 
(mg. H,O/sq. cm./hr./cm. Hg) 


to the active root/leaf area ratio (C,,/F). 


proportional to the amount of water transpired”). 


4. Comparison between the observed and the cal- 
culated water deficit of the leaf: 

The variations of the relative leaf water deficit 
in response to the change of the active root/leaf area 
ratio Cw/F were calculated according to Equation 3. 
It was assumed here that the coefficient of water 
absorption of root A; and the saturation deficit of 
surrounding air d were constant, i.e., 1.0mg. H:O 
/mg.f.w./hr. and 1cm. Hg respectively, because the 
experiment was carried out under the constant con- Fig. 5. Correlation between the 
ditions in the growth cabinet, and that the leaf water Submerged roots and the water 


- ae “ified e: absorption (solid circles and con- 
: i rate 7). ‘ ea 
deficit varied with C.,/F and transpiration * tinuous line) and transpiration 


The changes of 7: related with C../F were given in (oben eircles and vbYoker line), 
Fig. 4, and the normal leaf water index LW of 

29mg. H:O was applied for the calculation’). The relative water deficit thus 
- ¢alculated is illustrated as a broken line in Fig. 6, against the C./F abscissae. The 
curve indicates similar tendency to the actually observed one (solid line in Fig. 6), 
though there were slight deviations of the calculated values from the observed ones. 
Such deviations may have principally been induced by the following two factors: (1) 
Some parts of capillary water ascending up the aerial parts of roots must be absorbed 
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by them, although this was neglected in calculation. (2) Here A: was supposed to 
be constant, but soon after the water level lowering of culture solution, some pro- 
motion in water absorption should immediately occur 
to compensate the water deficiency of shoots. As to 
these problems further intensive studies are expected. 

In conclusion, it can be said that Equation 3 will 
be applicable with a slight modification to the dis- 
cussion of water economy of naturally grown plants, 
whose root development is restricted by some special 
causes, or is temporarily insufficient for offset of 
accelerated transpiration in the daytime. 


Summary 


Water deficit of leaves (%) 


1. The water economy of plants was studied in 
water-cultured tobacco plants reported in a previous 
paper’) by means of abrupt changing of culture 
solution level. 

2. Equations 2 and 3 were formulated quantita- 
(conttincusHiney wad ‘thelcalenlated tively to elucidate the water economy of plants, and 
{neollentulinen@mindications 45 in they could clarify the main effective factors as 
Fig. 1. follows: 

a) The active root/leaf area ratio (the ratio of 
mg. fresh weight of root active in water absorption Cw to leaf area of plant in sq. cm. 
F), which well indicated the grading of a water level lowering, had the direct effect 
on the water economy of an entire plant, and remained almost constant under normal 
conditions of the plant growth. 

b) The transpiration rate kept a constant value of 5~6 mg./sq. cm./hr./cm. Hg in 
the range of 4.5~7 of the C./F ratio, but below 4.5 of C./F, the transpiration rate 
decreased linearly with the depression of the active root/leaf area ratio. 

c) The water amount absorbed through 1 mg. of submerged fresh roots was assess- 
ed to be 1 mg./hr. under the given conditions (25°, ca. 1cm. Hg of saturation deficit). 

d) The water amount in leaves was expressed on leaf area basis, and designated 
in terms of leaf water index (LWJ, mg. H2O/sq.cm.). The index represents the water 
condition of leaves more clearly than the water content expressed on dry weight basis 
does. 

2) By substituting the above factors in Equation 3, the leaf water deficit of the 
tobacco leaves accompanied with lowering the culture solution level was calculated. 
The trend of the calculated curve was fairly similar to the observed. This may 
prove that the obtained equations will be applicable to the general discussion of water 
enocomy of plants with variously developed root systems. 


Active root/leaf area ratio 


Fig. 6. Comparison between the 
observed water deficits of leaves 
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Observation on the Apical Meristem of Rice Roots” 


by Kei-ichi SHIMABUKU** 


Received August 5, 1959 


Since 1957 a comprehensive survey on the root system of the rice plants has been 
carried on by many investigators chiefly of the agricultural field, and the writer has 
undertaken a part of anatomical study. Although much work on the root apical 
meristem of the vascular plants has been done by a considerable number of investi- 
gators and many valuable contributions have been made, our knowledge on that of 
the rice plant is apparently insufficient. The present investigation was commenced 
with the purpose to get an accurate knowledge in the behaviours of apical initials 
and their derivatives in the promeristem, and, thus, to offer the reliable basis for a 
consideration of the tissue differentiation at higher levels and, on the other hand, of 
the determination of an appropriate length of the root tip for the chemical analysis 
and other studies. 


Materials and Methods 


Oryza sativa L. variety Norin No. 29 which was grown in seed beds or paddy- 
fields according to the ordinary method was used in this investigation. Seminal and 
adventitious roots were collected at various intervals, so as to obtain successive 
stages of development. Materials were killed and fixed in FAA, and dehydrated in 
normal butyl alcohol. Paraffin sections were usually cut at 10, and stained with a 
combination of safranin and Heidenhain’s iron-alum haematoxylin or fast green. 


Observation 


In the present study, the root is conveniently divided into following zones: 1) the 
initial region composed of a group of initial cells; 2) promeristem including the initial 
region; 3) the meristematic zone which occupies between approximately 100 and 500 
or more above the root tip***; 4) the zone of elongation; and 5) the zone of maturation. 
In the root tip, there are three sets of initials in many cases. One gives rise to the 
stele, the second to the cortex, and the third to the root cap (Fig. 1; Pl. IL-A, B). In 
a few instances, however, the initials appear to be separated into four sets, that is, 
the stele, the cortex, the epidermis, and the root cap start from independent initials 
respectively (Figs. 2, 4; Pl; I-C). 

The stelar initials always occur as a single layer of cells at the stele apex, the 
boundary between the stele and the cortex being sharply defined immediately behind 
the initials (Figs. 1, 2; Pl. I-A, B, C). In the median longitudinal section stelar 
initials are usually represented by two (Fig. 1), sometimes one or three cells. They 
are fairly variable in shape, mostly elliptical or polygonal, and they appear to divide 
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EE Ty this Investigation, the root tip is represented by the group of initial cells and does 
not mean the tip of root cap. 
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in irregular directions. In the transverse section, increase in the number of. stelar 
cells is not so remarkable in any directions at any levels, and growth of the cells, 
especially that of the parenchymatous cells, is also not conspicuous, but most stelar 
elements maintain the size of subdividing stage. Thus the stelar circumference ex- 
pands but slightly and gradually. In the longitudinal sections, however, it is observable 
that frequent transverse cell divisions occur throughout the meristematic zone. Most 
of vascular elements become discernible at a level rather far from the stele apex, 
excepting the mother cell of the central vessel which is differentiated very early 
within 40 4 from the root tip. The pericycle is composed of one layer of cells which 
are almost equal in size and shape, and is interrupted by the protoxylem elements 
which are located in direct contact with the endodermis (Pl. I-E). 

The number of protoxylem poles varies with root size. In the seminal root usually 
hexarch (Pl. I-E), while in the adventitious roots it fluctuates between 5-14, mostly 10 
or nearly so. A protoxylem, as seen in Pl. I-E, occurs as a radially extending group 
of a few cells accompanied with an early-formed metaxylem vessel situated at the 
inner end of the row. The metaxylem is usually distinguishable by its relatively 
larger size (Pl. I-E) and differentiates before the protoxylem becomes visible. Jn the 
seminal and a number of the first-formed adventitious roots, the late metaxylem is 
represented by a single central vessel at the centre of the stele (Pl. I-D, E), while in 
the large later-formed adventitious roots, there are three or four central vessels which 
encircle a small pith (Pl. I-F). The central vessel differentiates foremost among the 
stelar elements, the early metaxylem follows, and the protoxylem is defined latest, 
while the maturation of elements takes place in reverse order. The first-formed 
protophloem is represented by a single sieve-tube which is diamond-shaped in cross 
sectional outline and is located immediately inside of the pericycle (Pl. I-E). Two 
small square cells contiguous to the two inner faces of it seem to be companion 
cells. The immature sieve-tube contains deeply stainable substanes, whereas in the 
mature one the contents become clear (Pl. I-E). The metaphloem cells are mostly 
round in shape, and larger than the protophloem cells. 

Between the root cap initials and the stelar initials, usually are the cortex- 
epidermal initials which act as the common initials of the cortex and epidermis (Figs. 
1, 3; Pl. I-A, B). In most cases, they are composed of two cells in the median 
longitudinal section (Fig. 1; Pl. I-A, B), occasionally one or three. So far as the present 
investigation concerned, there seems to be no correlation between the number of 
initial cells and the root size. The cortical subinitials and the epidermal subinitials 
are originated from the cortex-epidermal initials. The mode of cell division of the 
initials seems to be summarized as follows (Figs. 1, 3; Pl. I-B): ordinarily an initial 
produces first a derivative by an anticlinal division, and soon a periclinal division of 
the latter appears to follow; the inner cell thus formed becomes a cortical subinitial, 
and the outer one, an epidermal subinitial. 

As has been mentioned above, occasionally the cortex and the epidermis appear 
to start from the independent initial zones, namely, the cortical initials and the 
epidermal initials (Figs. 2, 4; Pl. I-C). In such a case, the cortical initial zone is 
composed of two or three cells in the median longitudinal section. The mode of cell 
division of both initial zones resembles that of the cortical and the epidermal sub- 
initials in the ordinary root tip (Figs. 3, 4). 

The epidermal layer appears to be completed rapidly by frequent radial divisions 
of its subinitials and their derivatives near the root tip. In upper parts, however, 
the number of epidermal cells in transverse sections increases but gradually, for instace, 
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in a root it is 78, 87, and 99 at the levels 50, 100, and 200 u respectively from the 
root tip. Thus, their number on the circumference is almost determined in earlier 
stages of the ontogeny. On the other hand, as clearly shown in the longitudinal 


Figs. 1, 2. Median longitudinal sections through the initial region. Nuclei 
are shown in initial cells only, e epidermis, x800. (Compare with Pl. A-C.) 
1, ordinary feature of the initial region; 2, four-layered initial zone. 


section, the epidermal cells repeat frequent transverse divisions throughout the 
meristematic zone. The periclinal divisions, however, could not be observed at any 
levels, thus the epidermis apparently consists of a single layer of cells (Pl. I-A, D). 
Within the level approximately 100 they suddenly increase their radial diameter, 
and then expand gradually in tangential direction at upper parts. In the zone of 
active cell division of the epidermis, the radial diameter is usually twice or three 
times as large as the tangential diameter (Pl. I-D). Elongation of the cells begins 
after they rapidly attain their full radial diameter in the meristematic zone. 

The cortical subinitials rapidly produce the derivatives by their anticlinal divisions 
as in the epidermal subinitials, and the derivatives are soon turned into the meristematic 
endodermis by whose periclinal divisions all cortical elements are produced (Fig. 3; 
Pl. I-G). The following four zones are distinguishable in the cortex: 1) the outermost 
layer or the exodermis; 2) one or two layers of small cells which differentiate later into 
the sclerenchyma; 3) several layers of thin-walled cortical cells situated inside the 
future sclerenchyma; and 4) meristematic endodermis which is turned later into 
typical endodermis. 

The periclinal divisions of the meristematic endodermal cells (Pl. I-G) occur mostly 
within 150 ~ from the initials, though this distance varies to some extent according 
to the size of roots and the stage of development. The meristematic endodermal 
layer always produces its derivatives centrifugally, in other words, there is no cen- 
tripital division. In most of cortical cells no further periclinal division occurs except- 
ing occasional divisions in the future sclerenchymatous layer. Th enumber of cortical 
layers and that of the meristematic endodermal cells on the circumference vary 
considerably according to the root size. 

The thin-walled cortical cells seldom or never divide themselves radially, since 
in transverse sections these cells usually show a regular radial arrangement (PI. I-D), 
which, however, is sometimes disturbed by occasional radial cell divisions of the outer 
thin-walled cortical parenchyma and the meristematic endodermis (Pl. I-F). On the 
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other hand, transverse cell divisions are frequent throughout the meristematic zone. 

_The exodermis is derived from the meristematic endodermis by its first periclinal 
division (Figs. 3, 4). In the meristematic zone and at the level where their growth 
begins, the exodermal cells apparently differ from the epidermal cells in shape and 
size (Pl. I-D), as well as in the manner of growth. In the zone of elongation of the 
root, the exodermal cells expand only slowly both in tangential and radial directions, 
thus they are almost equal in tangential and radial diameters in the zone of 
maturation. 

Immediately beneath the exodermis there are one or in part two layers of cells 
which are the smallest of all the cortical cells, and contact tightly with each other 
(Pl. I-D, F). They turn finally into sclerenchymatous cells whose walls are thickened 
foremost of all the parts of the root. They arise from the meristematic endodermis 
after the exodermis, and enlarge slightly and gradually in all transversal directions, 
while they divide in radial, occasionally also in tangential direction. They maintain 
their squarish or polygonal outline and almost uniform throughout their developmental 
stages. 

Most parts of cortical layers are occupied by the thin-walled parenchymatous 
cells arranged in regular radial rows in the transverse section (Pl. I-D). These cells 
are derived last from the meristematic endodermis by its periclinal divisions. They 
are at first very flattened rectangles in shape and later become elliptical, when diamond- 
shaped intercellular spaces appear at their corners (Pl. I-D, F). These spaces become 
visible in the outer layer of the thin- 
walled parenchyma at the level ap- 
proximately 50 z or less from the root 
tip where the root cap still persists, 
and formation of the spaces proceeds 
centripetally. Cells of both the inner 
and the outer layers of the thin- 
walled cortical parenchyma maintain 
more deeply stainable contents for 
a long time in contrast with those 
of the middle layer (Pl. I-D). The 
cell walls of these cells are slightly 
thickened when the root becomes 
mature. These cells maintain the 
shape after the other thin-walled 
cortical cells are ruptured eventually 
by the formation of large air spaces. 

In the median longitudinal sec- 
tions observed, the root cap initials 
are ten or nearly so in number. 
Cell divisions of these initials take 


place periclinally, but rarely nuelia Figs. 3, 4. Diagrams of median longitudinal sections 

ae PRs ihe of the cortex-epidermal initials showing cell divisions. 
nally, and further periclinal divisions 3, ordinary feature of the cortex-epidermal initials; 
of their derivatives form a central 4 oparated initials by periclinal divisions: 7 initial 
core with regular parallel rows of cel, ¢si cortical subinitial, esi epidermal subinitial, 
cells. On the other hand, at the me meristematic endodermal cell, ¢ cortex, en endo- 
periphery of the cap the derivatives dermis, e epidermis; numbers indicate the order of 
of the initials are divided periclinally cell divisions. Further explanations in the text.; 
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as well as anticlinally, thus the arrangement of the cells in the outer periphery of 
the cap differs, from that of the central core. 


Discussion 


As has already been shown by many investigators'*.*), initials of rice root are 
usually composed of three distinct layers, namely, the stelar, the cortex-epidermal, 
and the root cap initial layers respectively. The similar arrangement of initials was 
described by Heimsch‘) in Hordeum, and by Clowes®) in Triticum and Zea, and 
furthermore according to Schiiepp*), there are many other monocotyledons including 
many grasses with similar organization. Thus the usual organization of the apical 
meristem in the rice root should be regarded as the type most common among the 
Graminae. 

Clowes’) has noted that in the majority of median longitudinal sections of Zea 
and Triticum roots, two cells occurred at the pole of the periblem-dermatogen com- 
plex; the pole of apical meristem which has been called ‘ quiescent centre’, is composed 
of cells which are either nondividing or slowly dividing. His statement has been 
supported by Jensen and Kavaljian’), who noticed in the root tip of Allium cepa that 
no divisions were observed in the region of apical initial group. 

In the rice roots, however, it was ascertained that the cortex-epidermal initials 
seem to maintain the ability of cell division. Usually the cortex-epidermal initials 
are divided at first anticlinally and then the derivatives divide periclinally to form 
the cortical and the epidermal subinitials. One of the reasons that the alteration in 
number of the polar cells may be due to the difference of the stage of cell division. 
After the periclinal division of the derivatives is finished, the cortex-epidermal initials 
appear to consist of two cells and at that stage they attain maximum size (Figs. 3, 
4). Thus the cortex-epidermal initials may be fundamentally composed of a small 
number of cells. 

In a few instance, however, the initial region appears to be separated into four 
layers: the stelar, the cortical, the epidermal, and the root cap initial layers. Clowes) 
has noted that the pole of apical meristem may play a cytogenerative role when the 
architectural pattern is upset after wounding. According to Pellegrini’), the action 
of promeristem is conditioned by a certain minimal number of initials in his surgical 
experiment. Kaufman’s experiment) should be noticed in this connection. He has 
observed in rice that adventitious roots in 2, 4-D-treated shoots differ from those of 
control plants in the behaviour of the protoderm-cortex initials. Instead of dividing 
only anticlinally as in untreated root apices, these cells divide both anticlinally and 
periclinally and give rise to several layers at the summit of the protoderm-cortex 
zone, whereas in the other initials any morphological effect is not found. The fact 
in his observation may suggests that, in rice roots, at least the cortex-epidermal 
initials retain an ability of the periclinal division, and the cytogenerative role of these 
initials is possibly occurred under certain conditions. From the fact that in the present 
study the four-layered initial zone is found only among relatively large later-formed 
adventitious roots, it may be conceivable that the latent ability of the periclinal division 
is brought to light by the increase of root size. Heimsch*) has observed in barley 
roots that between the caryptorogen and the stelar initials there are the common 
initials of the cortex and epidermis, and they are one or two cells deep in those poles. 
Though he gave no explanation on the cause of the alteration of the number of 
initial cells, his observation suggests that the same phenomenon as in the case of rice 
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plants is also present in barley, and further that the constructional types of roots in 
vascular plants may be changeable under certain conditions. 

According to Heimsch‘) the adventitious roots of barley seem to be characterized 
by several central vessels. Their number in the rice, however, varies with size 
of roots. In small early-formed adventitious roots, the late metaxylem is represented 
by a single central vessel as in the case of the seminal root. 

Juliano and Aladama™) have observed that the pericycle in rice plants is mostly 
continuous, though rarely it is interrupted by the protoxylem. In the present study, 
however, the latter condition is always observed. According to Guttenberg"), the 
latter type of pericycle seems to be quite usual in the Graminae. 

Williams™) has indicated that in the tip of the primary root in many vascular 
plants the cell layer which becomes the endodermis finally, acts like a cambium giving 
rise to all the tissues between the endodermis and the exodermis (he called it 
“hypodermis’). The cambial nature of endodermal cells was confirmed also in this 
study. All the cortical cells, namely, exodermis, sclerenchyma, thin-walled cortical 
cells, and endodermis, are of the same origin, though they are clearly distinguishable 
in shape, size, manner of division and growth, as well as in final wall thickeness. 

Judging from the staining reaction, shape, and number of cells of each layer of 
the cortex mentioned above, it seems quite apparent that the cells of outer layers of 
the cortex and the endodermal cells maintain for a long time an ability of the 
anticlinal division. Disturbance of regular radial rows of cells in the thin-walled 
cortical parenchyma seems to depend upon anticlinal divisions of the cells of its outer 
layer and the endodermal cells. It is also confirmed that most of the cortical cells 
maintain no ability of periclinal division excepting the future sclerenchymatous cells 
in which such divisions occur occasionally, and that the cells of middle portion of the 
thin-walled cell layer of the cortex have no ability of division in any directions. The 
level at which the diamond-shaped intercellular spaces appear agrees with Boeke’s 
observation’), 

According to Clowes*), there are two types of organization in root apices of 
grasses, so-called Triticum type and Zea type. He noted that the difference between 
the two types of organization depends chiefly upon the patterns of division within the 
cap, and can possibly be related to the difference in size of the apices. The general 
pattern of the rice root resembles Zea type. 


I wish to express my most grateful thanks to Dr. S. Watari for his continous 
directions and constant encouragement throughout the investigation, and also to the 
members of my laboratory for their valuable advice. My thanks are also due to 
Dr. R. Aimi of the National Institute of Agricultural Science, Tokyo, for valuable 
materials. 


Summary 


The fundamental organization of the root tip of Oryza sativa L. was observed 
and discussed with special reference to the bevaviour of the initial cells and their 
derivatives in the promeristem. 

Usually the promeristem has three sets of initial layers, i.e., the stelar, the cortex- 
epidermal, and the root cap initials, thus the constructional type of promeristem 
being conformable to the most common pattern of grass roots. 

In a few instances, however, the initials appear to be separated into four sets, 
that is, the stele, the cortex, the epidermis, and the root cap being derived from an 
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independent group of initials respectively. Existence of two types of organization in 
one and the same species under a natural condition is very interesting, and probably 
has not been noticed by any workers. 

It seems rather natural to consider that the initial cells maintain an ability of 
division. The cortex-epidermal initials which divide anticlinally, may occasionally 
divide also periclinally to form a four-layered initial zone. This fact seems to furnish 
an evidence of the latent ability of periclinal division of cortex-epidermal initials. 

The cambial nature of endodermal cells is confirmed, that is, all of the cortical 
cells are the same in origin, though among the cells they differ in shape, size, dividing 
ability, as well as in the manner of division and elongation. 
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eel PaO HR LOEUABLHORLERS 
LOB Oe ER US ER gee noe 

Web e . Walla; Aw AZ, thbbAk, YRS Ae Ss OW, FA, aha, ERR AM ts LOSER 
OFMINITOW, KES, PYKAMM LD DWE LAKCODBWENRDOICD, MEOBMDMR eS. 


CRRA FEF LAR) 


Plate I 


A-C. Median longitudinal sections of the root tip (cf. text figs. 1, 2). A, ordinary feature of 
the root tip, x 240; B, a part of A, under a higher magnification showing a part of pro- 
meristem with three-layered initial zone, x 800; C, four-layered initial zone, x 800. 

D-G. Transverse sections. D, seminal root, showing the level 160 pw from the tip, note the 
shape of the epidermal cells, the arrangement of the cortical cells, and staining reaction 
of the cortex, x 230; E, level 280, from the tip, under a higher magnification, showing an 
upper part of the same root as D, x 430, en endodermis, px protoxylem, mx metaxylem, pp 
ptotophloem, sieve-tube elements become clear and are mature in E, immature in D, cv 
central vessel; F, adventitious root, level 400 from the tip, showing the four central ves- 
sels, and disturbance of radial rows of the cortical cells, x 240; G, level 30, from the tip, 
showing the periclinal division of the meristematic endodermal cell under a higher magni- 


fication, an arrow indicates the division, x 1,600. 


K. SHIMABUKU; Observation on the Apical Meristem of Rice Roots. 
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Application of 


Freeze-drying Method to Plant Cells. 


1959 42 8 5 Wate 


Altmann!) 72k) t4)65h, Gersh?) ko 
KE S APMC ST BHC REEL, AUN Ae AL 
Tt CHG L, SIC LEH Ck eA S BC 
MO RE St, 4 Te BAI COHET SLOT 
SD. FEROMEE Cit, MEAL ikichvS 
TIA-NOPBOTED, MBE FZH FECL 
DAWA DMB Rds. AGKLC ORO 
TORT ZbOEWDHTS. Mancini3) x7 
a-—F Yeo, Emmel4tyii7 7 AT 7 R-¥ 
MOVWCTCEDOERRLTWS. LALE< OF 
FA LEO Be EO CIs, HeANa Cit, 
Goodspeed and Uber®) 73 Liliwm longiflorum © 
iis LO Allium cepa Of AV CAMS 
Bint eArotURR LA ERENCE. 
ES OILMMM ROWE clltk, HMC L 
ChAAEAHMILEMIS, BRFMCET 
WCWSAE 5 PRE Lee. 


Ms EVAE 

PRL HHOR MIC, Spirogyra ellipso- 
spora, Hydrodiction sp., Cladophra sp., Oedo- 
gonium sp. 3s KOS Vaucheria sp. %#)]A\ te. 
tedsCh Spirogyra PEL UTCHW RE. Chirk 
EIC LOCH RADE ASBIC ELF SOT, 
ERAOMDV BEX MRT SCLICLOT, A 
FEED B LIR LOMB CE S256 Ch 4b. 

ASL AEH BES Ot Dic vs, Lilium longi- 
forum OF BAW. Chit, Che CI 
bORROCKK, COFRR 10% ANZ Y 
CHE LCAF 74 VITO LEM Bs LOFT 
PERC IST B BEF ED RR & HRT Sie 


* Cytological Laboratory, Botanical Insti- 
tute, Faculty of Science, Kyoto University, 
Kyoto, Japan. _AhA FES MM OTR 


Cd B. 

URE RR IC AN fe EIS BI CARS HCV 
B. RURAKL TL, MALACCA LUTCH 
RBI TOR Ye ny RY ( —150°) OI 
TONS IPSS DOW LEME RACH 10 
~30 PGES ES. MRMOWAIE SH 0.5 
mm. CWS. Wie S tic HT,  —50° Ch 
bPUOGAASNTCWSRBEADHICT ARDS 
Ah, Peas S. WaRRRF Ik, Miiller®) ys kU 
Patten and Hopkins’) D3845 L7c BZ Heh REA S 
\UCMISRE Teor. CORO BZ Het 
103mm. Hg SVE Cho. RRL, MROR 
IRAKRE D> © REDRATIC EO HY LC, 2 ER CHET 
CoS. RRIF 74 YVECWRUNCHSEARIF 
FA VYREDULTCERHRBACTE EHUB BET 
S. 7FVeVVERIMHAFT 74 Vv CoH S 
LeU, CHORAL REAV CTC, bbomarUM 


Freeze-drying apparatus. A; 
Material chamber. B; Cold trap. C; 
Paraffin chamber. D, E, F, G; Cock. 
P.O; trap is between G and F. _H; Geisler 
tube. I; Vaccum bottle. J; Rubber tube 
connected with glass system and diffusion 
pump. 


Bigaule 


30 Bot. Mag. Tokyo 


WE St CARBO, £O_ECHRE SA 
TAD BP DAE CHEESE EB. CORE OUI 
eRUICh CVE, MHLCHEOMAKCAHMS 
AUS. 


ita cs 


1, DRAB LO UA NMR ORS 
AY WEE. 

a, Pree yc Milla & wR NRE KO WEES tute 
ME OHM. ORAL OAOWBCEODL 
5 CUA OTBREDALT SPRASDTEDIC, DRAG 
WEEE CT Vc) VICE LISD & Pret 
BEE D Hele FT Te Ore. 

fi* DEO C Spirogyra OBER WRT 
HOC, Chico Th< ICHMT S. Spiro- 
gyra ellipsospora Dx KeEpAA HHT 1 MGA 3~8 
{IDIERAREO CISD, COMB FERAKO Hy 
MUN VA THERA S (BF 2a MM). 

MUKA EIB A Kee LO CHO PRI REN, 
PICILKMEIBO EDS 1 (AFD BS (HH 3a I). 
DRAG RC ERE 2 Fi 7c Oe h DC h HERA D SRP 


fhe ae 53) 
Fig. 2. (a) Fresh chromatophores (Spi- 
rogyra ellipsospora). (b) Freeze-dried 
chromatophores mounted in glycerin in 


vacuo. The serrated margins are well 
preserved. 
Fig. 3. (a) Fresh nucleus. (b) Freeze- 


dried nucleus mounted in glycerin in 

vacuo. The strand of cytoplasm are dis- 

appeared. 

HULA LT el, RAO UTS S< AO 
Hiss H2bz). COL} 7eHila Cvs MO fy 
HHORIGE AROMA E < 7evs. te Cunserieepy 


PICIST SEO LY % WMC 6 tr B(HS3b—X). 

XS BIC RE IC EO MERE IRA, 
DEO Ya, higkis LOAN AHA Te EOWE 
CEOLI PRIM BLET SDAA Lic. WiKi 
LHS OD MPBEICILO X OIOOFREKAW Te. 

(1) Hee ERR L, A DICMAR C7 Vey 
VICAR LIE, EDP bSRO HL, TIeVY 
RIKCRY Te. OEICRRE FY ety 
ThEVYIUYCHEARL, 73-1 Chik Lic 
fE, AFFANP ACH UK. CHeBEbL, KH 
HERLIR AIRE L KS. (2) Wath ee ORTRCIRIA TH LIC 
hYL, HVT IV VRE CHER AEN, Fra 
—@RECIKICEL, IP A RE URE » Ih 
Wk HAR 5. Che RRR BRE XLS. 
AXE CME Ht Spirogyra ellipsospora D fill 
Rel Cvd, FERAO SPIRALS & A ERB LT 
Wo7e V DSERA D DIMAS BHD IS. ¥ teil 
Wa © ERITH Zev (Fi4a Zl). Bre CMAPS tie 
MUADICOV CHERAR LOL, TKR OWE 
(DREN CWSAS, WAIL AKICLSEOL 
D&B (Hi 4d MY). ER MAHER L A LE 
SAUTU7e» (FH 4c Hl). COBRA, LOLI 
BEE CUBS HATH AIH Ube, 7 
A-FIADLAHHLOGSL, AMUMGRE - BERR 
(Kidd teh FARAH RSHE LIM, AY 
Ciflld>< PANS (5M). Chrid, Bees 
KD BBO AS C~C AAD A RIC Te OK ab 
ChA5. EKAKRERILBE CUMS hERIL 
{LOT EME CHIE - WASHEKLOY, KA 
RODD LST < Fev (856 A). 

b. DRARRCDRES IC LD MLE S tte Ml & fi x D 
[eS] EY CMLEE S dure Md & D Hele, 

WROKRM Lida Chic k5ic, Wiehe 
REL, MICO RBIS EO KE BLK EAT IC 
MD SH AIA US CLOMRStT CHEM 
PRE Ch S. Las Lihofiz DAEROIC, 
ACRE LOST CA CHAREMIOT RRA, 2S 
YADMICE CSE CES RET SL OMD SDD 
E5MRLONK. LieMocre tiHecse 
RENTWSBEM, HEOAOVSB Cie < AE 
AROMMOVELMASHNCSLOLAREHN 
= 

CO CL, HURCRRIEL UCIARL BRL 


Avie. iets, CO CHW REE MIS, special 
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chromo-acetic-osmic solution* - strong chro- 
moacetic solution**-1% 7AIYA+5% K 
Uz VY v + formo-acetic alcohol*** $5 | WHY 
Y VIBE Ch . 


Fig. 4. 
in glycerin in vacuo. 


haematoxylin. 


The method used here is designated ‘F.D.-B’ in this paper. 
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SNCWSZ4ELOCHS. FULDA AIC 
Mii LUT DSLOCHS. COCEHENOME 
BOWE, ALPADHCLED £4 te RHE 
PRICAUTW DMIRS VW Dre, EARFFAWML 


The method used here is designated ‘F.D.-A’ in this paper. The 
chromatophores are not segmented and their serrated margins are well preserved. (b) 
and (c) Freeze-dried cells were fixed by formalin vapor and stained with Heidenhain’s 


The chro- 


matophores are segmented, the serrated margins of chromatophores are well preserved 


and the cell wall is not damaged. 


Fig. 5. The cells are crushed by a slight pressure given on a cover glass soon 
after the cells are freeze-dried, stained and mounted in balsam. Cell walls and chro- 


matophores are fragmented. 


Fig. 6. A freeze-dried nucleus treated by the F.D.-B method. 


clear. Arrows indicate pyrenoids. 


EOR ARH SAMS, (PRL ANAGRE YL 
HEGUAOIGRBASEMBIC Lic. & < ICERRIAO SR 
RERILAE DPA LO CHHBICBIEF S2sb 
BIMEX UCHH 4 Ch S. MEIC LAZBBOWRY 
(RE A-B-C-D-E BLOF 6 AMICK 
WlLic. COWS, ArMIGHEDRBANT, H 
IAD DIT te <, SERRA KS RE SVT 
WSZbOCHS (FH 4a M). BvLHeReKic Vr isi 
PIAL SNS LHIA & Iie UMD 4 OCHS 
(8 4b SQ). C VR #IIGHE DEBE S TERA OU 
WiikTcv Ds, SERRE DS L< BBL CW SE 
DCS (4 8b Ml). DRACO BAL IN 
SLVHEC Ll CMI Ch, Evi sia bee 


* Chromic acid 1g.: Glacial acetic acid 3ml.: 
1% osmic acid 1lml.: Water 100ml. 
(modified by Chamberlain*)). 

*& Chromic acid lg.: Glacial acetic acid 3ml.: 
Water 100ml. 

*#&& 502% alcohol 90ml.: 40% formalin 5ml.: 
Glacial acetic acid 5ml. 


Nucleoli are not 


“Cee 7 Mita Le. 

BT RORREASL, GRRE, Azer ce 
PY -2Y) VCH Lick, REAL TKOKLO(A 
%) Crk, BRCLSE$OLEUWCNTADADNS 
BUEDS <, BOASDNSAMBAY eu. LascL 
Vy Pah BRK © HRD IL Lk < RAE S tT 
WS. {LOZ Cirk, special chromo-acetic- 
osmic solution LN VRHERAD GRRE IRZE ELD fF 
FILER <, AB KLOBCHETSEORELALA 
Big. COM CULO & X ic, spe- 
cial chromo-acetic-osmic solution %#2% ds7c 9 
TURTWSEWLZS (FH 8a Ml). ABLE HT 
RICKS AWSNSR =) VER Cit, GR 
RRM LS BBLS (Hh 8b RM). KE 
special chromo-acetic-osmic solution 3s LUSA 
MeV YCHESHEEC, ABB IUBETC 
MBS NEbAOEROT, LL EWHOKOHR 
RLIKLI DRENSD. EKRVRAORFL 
<7cv. (38 9a, b &) 
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Fig. 7. Histograms show the relation between the grades of deformation and the 
frequency of their occurrence. The grades of deformation are indicated by A, B, C, D, 
E and F as follow: A; The cell wall is not damaged, the serrated margins of chromato- 
phores are well preserved and the chromatophores are not segmented. B; Similar to 
(A) except the segmentation of chromatophores. C; The cell wall is not damaged and 
deformed. Serrated margins of the chromatophores are hardly visible. Chromatophores 
are not segmented. D; Similar to (C) except the segmentation of chromatophores. E; 
Cell walls are deformed. F; Cells are irregularly contracted. F.D.-A and F. D.-B; 
See in explanation of Fig. 4. C.A.O.; Special chromo-acetic-osmic fixation. C.A.; 
Strong chromo-acetic fixation. Os.; Coane acid fixation. F.; Formalin fixation. F.A.A.; 
Formalin acetic alcohol fixation. Reve ; Nawaschin fixation. 


Fig. 8. (a) Chromatophores fixed by 
special chromo-acetic-osmic solution, 
stained with Heidenhain’s haematoxylin, 
and mounted in balsam. The chromato- 
phores are segmented while the serrated 
margins are well preserved. (b) The 
chromatophores fixed by 5% formalin, 
stained with Heidenhain’s haematoxylin 
and mounted in balsam. The chromato- 
phores are not segmented while the ser- 
rated margins are little preserved. 


Fig. 9. (a) Nucleolus treated by the 
same procedure in Fig. 8(a); the nucleolus 
is distinct. The arrow indicates the nu- 
cleolus. (b) A nucleus treated by the 
same procedure as Fig. 8(b); the nucleolus 
is distinct. 


LEAOMMR LICONK KLIK, BRR SNHATCEMHS. FOC MBdSK) OF MHA 
Saute MP hi « OE CHES HicMide, OMe LONCLOSDRUBLIE. LORE 
Yi fa PK LARA ARH USL, AHR IRL ACRSN CWS. 
PRE S tute < Ch RACIST OWA DBlIRORRC LS, AK, BERLY 


Table 1. Number of segmentation of chromatophore per cell. 


Fixation FDA FD-B CAO. Crk Gas F. |F.A.A.| Naw. 
| 


No. of 
segmentation | 3:18 | 2.74 | 2.81 | 2.84 x 0.68 | 0.30 | 0.75 
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special chromo-acetic-osmic solution PEI HE RR 
TD DIELS vy. 4 <WAKEIUN SE BET 
(LORS. CIE SPOT HEIR ta fp. 
FFE MNCS Vk = ) VEE formo-acetic al- 
cohol AECL SZ4LOCII, WEY. 

MIPS ROR(E —RICHOMO MM Cit, BLE 
AO WK + EW AIALER « St AB A te YD BEB 
C. WEE SUS MEABDILMT 6 DAMS C 
dS. Spirogyra DBF, COINMRL OB 
BE CURIS LU wee, fix DEEMWICLSbOL, 
BECLSZROL MOU THRU. 

WAL BECUHLELOL, KMOAEKTC 
Al LS bw Yefe + Phizk + BV AIALEB - Sap 
FLA OD i BeBe 2 HE Te RD MANA BE Ze HE BD HA 
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THE, 4 CIE RIGOMMNLE RIRO AMIE T, 
TR FORE LOLOL, GFEROARE Owe 
MISO 

Lilium longiflorum OBATE4 HOFER, ve 
MRCRREIC LOAF 7 4 VICMOHLE LOR 5p 
DESC, APT Pedy, 1lODRAR 
TV VRC CCHET S. Chemis 77 4 
YL, H3RCKT IL EMBL ZMRRe Tie 
Ok. COBH RIS ) VRE CHE Lin, 
BUC FDR TOK GLOL HR Lica, BUG 
OADEILID btristore. ADE CIS, WURHZ 
Wet LILbOL, FRM Me 1502 OB SOW! 
MULT, HSCRIRRARORbOL, 10% 
VVYCHELTAI7 4 VICMHEL, 25 OF 


Table 2. Change of cell volume after fixation. 


Preparation F.D=B C.A.O. C.A. Os. i 
After fixation 1.15+0.03 | 0.90+0.02 | 1.00+0.03 | 0.97+0.03 | 0.97+0.03 
In xylol after dehydra- 
tion by ethanol _ 0.91+0.03 
Immediately after 
qiounbinean balsan 1.04+0.03 | 0.7140.02 0.85+0.03 | 0.79+0.03 


Cell volume of fresh material is assumed as 1.00. 


faA Be 1.00 EL CHRLE. FOR RIDH 2 
FIC SIUCWS. 

SB 2ZROGRICKLOL, TRA BR CALEB L 
TEL OUL, PPE LEC Lv MUA BO BE 
{LISD brie. LALO OWA, Bie 
Ricis, tr LAAMDMmME TW Se LEA 
fad 5. COP Lt MiARs, ROMP + 7s 
MH ABA Te EORLEICINAA LT, b & OPTfth 
MPROMBARBICIS<S. ChrHot, f*«o 
AERC LOCMMeAEL, BAR AH AI 
HATHSL, BLVABOMDRASHS! LS 
¥ special chromo-acetic-osmic solution “Cit 
= OFFI DSO KV. 


2. TREC ED MBBS NM HE 
SHWE 
GED HY RRO RMF FREI, Thee 
PEREOEEDMHICUTHW SHEE, KV 
YYVAEXLELOOR IFA VERRY 
VORB SHR UMdS. CHHOHKTC 
it, PEVEFICMMAOREMRABMLED, 
GH LEVTSBENMDS. LEMOTAME 


SICA 74 VL, RibRARORLO 
LOR Lic. CORMRTCILEHERORER 
BV CORIO AML, BIRO MWirTs Le HB 
Lic. COMRILE 3RICMAMCWS. 

CORRICLSL, MHKOSAVIT LOT, 
KRIROAR I LOMALOSRWORBDSNAZLO 
Pho. CERT, 2-— FRI EO Millon 
RG7e ECL, RISO Is LOMMALA, bao 
Pre ARh, TREATS LOS 10% A=) Vial 
MIC LZLOL OMT. BARBDS56 Hirao 
ct 

CHEEZOT, Sudan Il Wa crt, Pree 
RICOV THIN SE, RARE CL 1 Mad Ze De 
1~2 jo HAS scarlet red* Wyse AOPSRBwW 
bh, RROFRAH 6 LOW LO Cis, , Milla 
Athi hh UT grenadine red CY#e), Hrd 
BATES ETE LO THIRD 5 EVEL 
YES BES. BUI OFEDIBS SES. 


*® (4 OS0RILT Tc Ridgway, R. etc,: Color 
standards and nomenclature. Washington, 
D.C, (1952) 4B. 
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Wiehe Libis LU 10% AS Vy CH 
GER LICE CIE, FARA DLA BD 
hich’. BEC TRABES LOWY L » Tt, HR 
fete HED & IKE MMO b OL OPEC, VSS 


Tokyo 


HERIORR ON SA, 10% AVS) VEOS 
D CitJRtt Chore. ¥re M-nadioxidase Bae 
ECL, TRREERRRE Is LU 10% AA Y VIE 
HICLZLODESSL, FHRORKE IVIL 


Table 3. ° Histochemical tests in the ovary of Lilium longi florum. 


Histochemical Method of treatment 
reagent No treatment Mressedried 10% formalin Locality of reaction 
(fresh) fixation 
Jod-jod kali ++ =f + Parenchyma: Ovule 
Epidermis: Inner ovary 
Sudan III* tt tt i: wall: Ovule 
Gunie acid ES R? cll al Inner ovary 
Millon’s reagent + + + Epidermis: Ovule 
; : “ a Epidermis: Ovule: 
Na-nitroprusside + Vietcular bundles 
Fehling’s reagent + + + Embryo sac 
Feulgen’s reagent + + Nucleus: Chromosome 
madi wick + ahaa: 
M-nadi reagent bluish siolscroat Epidermis: Ovule 
G-nadi reagent + = Embryo sac 
Benzidine + - Embryo sac 
ot eee es — - Parenchyma: Embryo sac 


+: Positive reaction. 
* 


eK 


—: Negative reaction. 


: Variation of locality. 


: Acetic-carbol-Sudan III reaction by Jackson procedure (Jackson, C.9)). 


Non treated tissue: parenchyma, epidermis, inner ovary wall and ovule. 
Freeze-dried tissue: epidermis, inner ovary wall and ovule. 


10% formalin fixed tissue: embryo sac. 


LI ElLRo bic, CHEB OT, 10%% 
wey) YEO 4 O Cd, VLVO 5 KF PS grena- 
dine pink C#4#EYD, MhOMAITWE Stevo. 
HUTA ERO MENT LY, MRYALED 4 O DYAIT HH 
LEbDLFZ SHS. 

#7, Fehling MIRC Lk SRSCHHO RII 
Tho L, Pit Hikis LOMB LZLO 
CVE, (EVD 5 25 rose pink WY¥ ZORABGH 
S ECAR 10% ANTI YRERLELOC 
Ud, BatEBOREL A LBD Nido. OW 
VEIT BE  E PERO EI LO CHRIS HY Lic 
KD CHA 5. 

LOWAICWC HRA RT | Olt benzidine jx 
WDB Ch Sb. COMIC, PREM Mes LO 
RTECS IC LOERO CL, (RVD > HB 7 


> 
— 


LPC RIEDRMOSPNSD, TRRRLERR Fete 
LODOHAARN SY VEX LELOXLY have 
MISA Lt. 

LOBRESROT, FALVABORTR 
&, —SH BHI, G-nadioxidase iii LO 
CUS EBERLE Ck, BE MMIC ISL TO 
ABIGDAB A, WHERE CULEE Lic h Dis k 
O 10% AVV VY CHEX LELOTC, BRIG 
VRIRHE Ch Ore. Teys Feulgen RECs, wees 
RE CUEB LE bOWULO 10% KITV YE 
ER LIBRO CT, ME IDA ERAS Dore 
BavE BI ems Lite. 

7e3s, BOGMLDMEO HERI L SBAL ARM 
RESLEWI LIKI, FOLOA Cire 
SHC ew. 
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anbazeds  O fiami 


mis, HAC) ) vicAwsh 
7 Spirogyra DIERIAL, A tes LOB Mick 
DTAMH AIHA Rich OL COV THER 
ATISOC, ROKR ZK. 

ECO GRRTRREILU TAG ES RFESN CWS 
DB, COOMBMICW TL, BMS. trebd 
Kime, AehC7 Ve) vices 
MID FERAICIX, DIRRABH ico LT 
SHCA LOBE LOMBDO FR rbHEG 
Died, BEORILH SM, WMMECS. Teds 
ChAT Ve) VICAR Ce 
WREC, HEORSHCWSBEOWAI, A 
ROBES ON COMBS We & VE AIC 
$4. Lael, COF#OHMSZRACoOvw tit, *#K 
PRILD EER ABI Cl, RIE Te HR FL 
Te. 

Te Fs RAGA CR UY VFR CGE Lee 
Rava, FERBWIC% BEA, AERA cCb 
TEDOREOS ONT, FROME RFD STO 
LDC iedror. 

AMHOG RC kL, Spirogyra ellipsos- 
pora 2 SFWICAT, PRE RHC RRB IC 
RES SOW, GERRI DST CHWS TEL IK 
MOSH, CHEAP RORECNML TI 
special chromo-acetic-osmic solution % A»7¢ 9 
TCHS. Lael, COMEBLAWSLS 
Vk, AVF AICHA LEBEO MMAR OMD 23 
TERE BREOWAIK<S BN TIRIE LS, BERRA 
DEVE TRE REI ATE OWAIR<Y ONT, IRS 
BNCB\. WBC OBEMIL, FATVAPLTO 
(hOB Ric PREGA CWOSPrb, —KO MPM LE 
MOEA OM EKE LCltRiHM Ch d. 

EON? LICH, TREO 
i LIE Ch O28, ABUL FE 4 HL 
ToS. TERE Lilium longiforum OFF 
% 10% ARIS Y VY CIE Lic CERI CS Ze 
DOT KIDS, TRARCERIEIT EY MBE LAC 
VERRY CX, BAT CO RII. ADEE CT 
4872 benzidine KOR RILC O—- Pi UTA 
BELMCES. Ek, RIE LMAO ST 
REPT ISTSLOE<S BX, 10% AVY 
Y CHIE Lic Cit, HES DHBA DME K < 
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MOTWSEWS MLDS. LeMoect, Bie 
PRIEST Sie LORE CIA, TEREHITS, H 
MCFAICS, EROMBICMIL, Hbt Chie 
VE Ch SLVR. 


ES #) 


1. eRe LO, Spirogyra ellipsospora 
ts LO Lilium longiflorum O=F-# % MUEB tc. 
BIAICOV CITB FMR, KRM Ct 
ARR EAI E Ze FT Tere. 

2, AMET, Lado ee — 150° LE Cah 
fi Lic, —50° BAEC, PREERZIR LI. 

3. GRERCRRIC LY MRL, Azer 7) x 
YYiCaHt Lt Spirogyra ellipsospora Crt, 
MIA BOMKRAS ATED, MINDED DEE ED 
7o<, SERA O SRR REE ES RES H, FD 
OMRbLASHIO. Lael, Mie OHEL TS 
APVWYVVEIKCRWCEIC, Yete + Sbizk + sb 
PABA LRIELC LEO, LIE LITH 
PAD ORAS NS. 

4. Lilium longiforum Off MEM DRC 
FSU C, TRATRZERIA CHLEE LICH BE CIE, 10% x 
Vz) Y CHIE LIME CR CS Fedor Kt 
DH CX SBA, Ef 10% KIWI Y CHE 
SHEME CRE CE SUEDE SC ONT, TRS 
HRP CALLER LICH BED HG PSEC I DGB < db ov 
DME, Te ToBriel et BLP a RZ REE CALEB L top 
BE < HAT, 10% AVY) Y CHE LEME C 
Wh, Yea Sh SADR < TOC SBS EM 
dB. 

5. (3) + (4) OFF RDSELSL, ATKIN 
MOVER ECT CNC SEBL SNS. 
Special chromo-acetic-osmic solution >, #{itk 
{LFW OEOBIC KS AV bNSAN SY VIE 
MOWFHIOS, BRAY - Mee KMICT< 
Tic hh WAN OD MLE TIE Ch 4. 


il i¥ 
DEOWMEICBY Ciabhbie, Bie F 
SOKPAIRHARIC RA LET. 
#7, Spiregyra ellipsospora Ol Ew 
COX DIF CP SOR ARRAIAICRA Te 
ICE Sx 
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Summary 


1. Spirogyra ellipsospora and ovary slices of Lilium longiflorum are freeze-dried. 
The former was used in the morphological investigation and the latter in the histochemical. 

2. Materials were frozen in iso-pentane at about —150° and was dried at about -—50° 
im vacuo. 

3. In Spirogyra ellipsospora, the cells increased in volume when they were freeze- 
dried and embedded in glycerin in vacuo. In these cells, chromatophores were not segmented 
and their serrated margins were well preserved, while chromatophores were often segmented 
when the cells were stained, dehydrated and mounted in Canada balsam after frozen and 
dried. Moreover, the cell volume did not show marked changes and serrated margins of 
the chromatophores were well preserved. 

4. In the freeze-dried ovary tissues of Liliwm longifloruwm, benzidine reaction was 
positive while in the tissues fixed by 10% formalin the reaction was negative. Moreover, 
in the freeze-dried tissues, Fehling’s reaction, Sudan III reaction, and M-nadi reaction showed 
stronger positive reaction than the reaction in the tissues fixed by 10% formalin. Further, 
in the Sudan III reaction, the staining area of the fixed tissues by 10% formalin was nar- 
rower than that of freeze-dried and fresh tissues. 

5. From the results stated above, it is concluded that the freeze-drying method gives 
more favorable results than either the fixation by special chromo-acetic-osmic solution 
which is generally used in morphological study of Spirogyra, and or the fixation by 10% 
formalin solution which is generally used in histochemical study of Liliwm longi florum. 
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Studies on the Light Controlling Flower Initiation of Pharbitis Nil. 
IV. Further Studies on the Light Preceding 
the Inductive Dark Period 


by Atsushi TAKImMoTo* and Katsuhiko IkEpA* 


Received July 3, 1959 


Low-intensity light preceding the inductive dark period of 16 hours inhibits flower 
initiation in Pharbitis seedlings, however, the low intensity light including little far-red 
light inhibits only a little and that including far-red light does so heavily'). Flower 
inhibitory effect of this far-red light is reversed to some extent by a brief red light 
given just before the dark period!?). On the other hand, low-intensity light with or 
without far-red light preceding a dark period of 12 hours or less, promotes flowering 
response remarkably”:). 

In Pharbitis seedlings, a 16-hour dark period can induce maximum flowering 
response and further lengthening of the dark period hardly increases the responses, 
but a 12-hour dark period is not so inductive as to bring about a maximum flowering 
response, and further lengthening of the dark period increases flowering response 
greatly. It was supposed that the first process of the inductive dark period proceeds 
under low-intensity light or far-red light as well as in darkness, and that the far-red 
light prevents the subsequent dark process?:*). 

Far-red light preceding a dark period of 12 hours or less promotes flowering 
responses. If brief red light is given between the far-red light and the dark period, 
there is a question whether the flowering response increases or not. Considering 
that the red light can reverse the flower-inhibitory effect of the far-red light, a 
greater increase in flowering response might be expected. On the contrary, it is also 
conceivable that the red light following the far-red light may have a “ light-break ” 
effect, i.e. a flower inhibitory effect. The light break is known to be most effective 
in the first hours of a long dark period‘.®.*.”), and the first process of the inductive 
dark period presumably is undisturbed by far-red light ”-%). 

Low-intensity light preceding a 16-hour dark period inhibits flower initiation to 
some extent even if it contains little far-red light!.*). If the brief red light is given 
between the low-intensity light and the dark period, the inhibitory effect of low- 
. intensity light may or may not be reversed. The first process of the inductive dark 
period is considered to proceed under such a low-intensity light. It is also possible 
that the brief red light following the low-intensity light has a light-break effect, and 
inhibits the flowering response. 

The effect of a brief red light inserted between the inductive dark period and 
the preceding low-intensity light, far-red light or darkness was investigated here. 


Material and Methods 


Material used was the seedling of Pharbitis Nil, strain “ Violet”. Methods of 
experiments were similar to those described in a previous paper’). Light filters and 
light sources used were also described there. 


* Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
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Experiments and Results 


Experiment 1. Plants were placed in darkness for 2, 4 and 8 hours, at the end 
of which time they were exposed to red light (600-700 mp) of 3000 erg/cm.?/sec. for 
5 minutes, which inhibits flower initiation when given at the middle of a 16-hour 
dark period. Subsequently one group of the plants (Group 1) was subjected to 16 
hours of darkness, which is enough to induce a maximum flowering response, and 
the other group (Group 2) to 12 hours of darkness, which is not so inductive as to 
bring about a maximum flowering response. Control plants were subjected to 16- 
and 12-hour darkness preceded by sun light. Results are shown in Table 1. 


Table 1. Flowering response of plants which were exposed to 2 to 8 hours of darkness, 
5 minutes of red light of 3000 erg/cm.2/sec., and 12 or 16 hours of 
darkness, successively. 
(Treated on May 1 and dissected on May 15, 1958) 


a of % of No. of % of 
| plants plants flower buds _ plants with 
Group Treatment dissected with flower per plant terminal 
buds flower bud 
16%d 38 100 SEO) 100 
2hd—5/R—16>d 38 100 4.8 100 
1 4bd—7 —»n 39 100 4.9 100 
8bd—7 =n 32 87.5 1.8 0 
24bd 36 100 5e2 97.2 
12hd 38 100 Lad 0 , 
2hd—5/R—12hd 38 100 4.5 94.7 
2 4hd—7 =n 39 100 4.8 100 
8hd—=7 =n | 36 25.0 0.4 0 
206d . 40 100 4.9 97.5 


2hd—5’R—16'd: 2-hour darkness, 5 minutes of red light and 16-hour darkness were given 
successively. 
These notations will be used hereafter. 


In Group 1, 2- or 4-hour darkness preceding 5 minutes of the red light had little 
effect on flowering response, but with 8 hours of darkness preceding the red light, 
flower initiation was heavily inhibited. This is very similar to the results obtained 
with Xanthium’.*), in which the light interruption does not inhibit flowering at the 
ot to 4th hour of the long dark period but inhibits it strongly at the 6th to 8th 

our. 

In Group 2, when a 12-hour dark period was preceded by another dark period of 
2 or 4 hours duration, the two dark periods being separated by 5 minutes of red 
light, flowering response was promoted remarkably, but when preceded by 8 hours 
of darkness and 5 minutes of red light, it was inhibited. A 12-hour dark period can 
not induce maximum flowering response, and further lengthening of dark period 
increases flowering response strikingly; therefore, if 2 or 4 hours of darkness precede 
the 12-hour darkness, even if the red light was inserted between them flowering 
response is increased, for the flower-inducing dark process is stable to tthe brief light 
during the first 4 hours of the dark period. After 8 hours of darkness, the flower- 
inducing dark process becomes light-sensitive; therefore, flowering rhasonee is reduced 


strikingly if an 8-h i : “eh. & 
asi ih our dark period precedes the 12-hour dark period with intervening 
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Experiment 2. Two groups of the plants were exposed to daylight fluorescent 
light of 50 erg/cm.?/sec. (FL) containing little far-red light. The exposure lasted 8 
hours preceding a 6- to 16-hour dark period, and one group was subjected to red 
light for 5 minutes just before the dark period, while the other one was not. Control 


plants were given 6 to 16 hours of darkness preceded by sun light. Results are 
shown in Table 2. 


Table 2. Flowering response of plants which were exposed to 8 hours of daylight 
fluorescent light of 50 erg/cm.?/sec., 5 minutes of red light of 3000 
erg/cm.?/sec. and a dark period of various hours, successively. 

FL: Daylight fluorescent light of 50 erg/cm.2/sec. 

(Treated on May 26 and dissected on June 8, 1958) 


Ne of % of No. of % of 
plants plants flower buds plants with 
Treatment dissected with flower per plant terminal 
buds flower bud 
8>FL—5/R—16hd 40 82.5 1.1 0 
yn —-~w4 —14bd 40 255 0.0 0 
y —-~mw —-12hd 40 0 0 0 
y —~wr —10bd 40 0 0 0 
y —-~nr — 8bd 38 0 0 0 
y —#7 — 6bd 40 0 0 0 
85FL —— 16bd 39 100 4,5 94.9 
y —~ 14bd | 39 100 4.9 100 
y —— 12hd 40 100 3.9 67.5 
” —— 10bd 39 100 4.4 74.4 
” — = 8d 40 100 2.6 fed 
a — 6hd 39 61.6 On7 0 
165d 39 100 4.3 100 
145d 39 100 19 2.6 
126d 39 5el 0.1 0 
10°d 40 0 0 0 
8bhd 40 0 0 0 
66d 40 0 0 0 


Eight-hour FL did not inhibit the flowering when followed by a 16-hour dark 
period, and promoted remarkably when followed by a dark period of 14 hours or less. 
In the previous papers'.?), it was reported that the 8-hour FL preceding 16 hours of 
darkness inhibited flowering to some extent. In the present experiment, plants were 
very sensitive to photoperiodic induction and in such a case the flower inhibitory 
effect of the FL may become obscure. In another experiment which is not presented 
here, the plants were not so sensitive and the flower inhibitory effect of FL was 
more obvious*. 

If 5 minutes of red light was given following the 8-hour FL (preceding dark 
period), flowering response was reduced remarkably, irrespective of the duration of 
darkness. This suggests that, after the 8-hour FL, under which the first process of 
the inductive dark period proceeds, the reactions inducing flower initiation become 
light-sensitive, probably producing some light-sensitive substance which is destroyed 
by 5 minutes of red light. The same may also be the case in complete darkness 
(cf. Experiment 1). 

Experiment 3. Plants were treated in the same way as in Experiment 2, but 


* Photoperiodic sensitivity of Pharbitis seedlings varies with the seasons, being influenced 
by unknown internal and external factors. From spring to early summer, the sensitivity for 
photoperiodic induction is the highest. 
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far-red light (700-100 mz) of 120 erg/cm.2/sec. was mixed simultaneously with the FL 
of 8 hours. As has been reported previously, under this light the first process of the 
inductive dark period is believed to proceed, but this light inhibits flower initiation 
by preventing the subsequent dark processes?:’), Table 3 shows the results. 


Table 3. Flowering response of plants which were exposed to 8 hours of FL+FR, 
5 minutes of red light of 3000 erg/cm.2/sec. and a dark period of 
various hours, successively. 
FL+FR: Daylight fluorescent light of 50 erg/cm.?/sec. mixed with 
far-red light of 120 erg/cm.2/sec. 
(Treated on May 27 and dissected on June 11, 1958) 


NG: of % of No. of % of 
plants plants flower buds plants with 
Treatment dissected with flower per plant terminal 
buds flower bud 
8h(FL+FR)—5’/R—165d 39 94.9 ase. thsi 
” —y7 —14bd 40 2.5 0.0 0 
” —y7 —12hd 39 0) 0 0 
” —y7 —10hd 38 0 0 0 
” —y7 — 8bd 40 0) 0 0 
" —7 — 6hd 40 0) 0 0 
8h(FL--FR) —— 16d 30 61.5 0.6 0 
" — 14>d 40 70.0 0.8 0 
” — 12d 38 36.9 0.4 0 
” — 10d 40 3TaO 0.4 0 
” —  8bd 40 42.5 0.5 0 
" — 6bd 36 0 0 0 
166d 43 100 4.3 100 
146d 40 100 1.9 SS) 
12hd 40 32.5 0.3 0 
106d 39 0 0 0 
8hd 39 0 0 0 
6hd 39 0 0 0 


When a 16-hour dark period was preceded by 8-hour FL mixed with far-red light 
(FL+FR), flower initiation was inhibited, but this inhibition was reversed to some 
extent by the red light of 5 minutes given just before the dark period. This revers- 
ing effect of red light was reported previously!?). The first process of the inductive 
dark period proceeds under the FL+FR, and red light has a light-break effect which 
tends to counteract this process and thereby inhibits flowering. In the present case, 
however, the reversing effect of red light for the flower-inhibitory effect of far-red 
light evidently exceeds the light-break effect, and the net result is some stimulation 
of flowering. When the dark period is 12 hours or less, 8-hour FL+FR preceding 
the dark period promoted flower initiation to some extent, and if the red light of 5 
minutes was given just before the dark period, flowering response was inhibited. 
Flower inhibitory effect of the red light, i.e. the light-break effect, is believed to 
exceed the reversing effect, in this case. . 

Experiment 4. Plants of the first group were subjected to darkness and those 
of the second group to FL for 2, 4, 6 and 8 hours, respectively. Subsequently both 
groups were exposed to red light of 3000 erg/cm.?/sec. for 5 minutes, and thereafter 
to 12 hours of darkness. Plants of the third group (control plants) were subjected to 
8-, 12-, 14-, 16- and 20-hour dark periods preceded by sun light. Results are shown 
in Table 4, Flowering responses of the first group are very similar to those of the 
plants in Experiment 1. A light break at the 2nd to 6th hour of the dark period is 
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Table 4. Flowering response of plants which were exposed to darkness or FL of 


2-8 hours, 5 minutes of red light of 3000 erg/cm.2/sec. (R) and 
a 12-hour dark period, successively. 


FL: Daylight fluorescent light of 50 erg/cm.2/sec. 
(Treated on June 12 and dissected on June 26, 1958) 


“hs of ‘K of No. of % of 
Grou T plants _plants flower buds _ plants with 
P petits dissected with flower per plant terminal 
buds flower bud 
| 2hd—-5/R—12bd 37 100 3.6. tae 
1 40d—-~47 4 38 100 4.1 29.0 
65d=7 —»n 37 94.6 3.6 21.6 
8'd=7 —7 38 0 0 0 
25FL—5/R—12hd 38 100 355 31.6 
2 4oFL—=7 — 39 100 AL3 84.7 
6o>FL—=7 — 40 95.0 Dos CoD 
85FL—=7 = 39 0 0 0 
8hd 40 0 0 0 
12>d 38 84.3 1.6 0 
3 146d 38 100 4.0 Tee 
16¢d 39 100 4.7 84.7 
205d 97.5 3.5 ALAS 


less effective, but that at the 8th hour inhibited flowering response completely. 

The FL and darkness have exactly the same effect when followed by 5 minutes 
of red light and subsequent 12-hour dark period. This supports again the hypothesis 
that the first process of the inductive dark period proceeds under FL as easily as 


under complete darkness?:*). 


Experiment 5. The same experiment as Experiment 4 was performed, but the 


far-red light of 120 erg/cm.?/sec. was mixed with the FL (FL+FR). 


shown in Table 5. 
In this experiment, too, the flowering response of the first and the second group 


Results are 


Table 5. Flowering response of plants which were exposed to darkness or FL-++FR of 
2-8 hours, 5 minutes of red light of 3000 erg/cm.?/sec., and 
a 12-hour dark period, successively. 
FL+FR: Daylight fluorescent light of 50 erg/cm.2/sec. mixed with 
far-red light of 120 erg/cm.?/sec. 
(Treated on May 26 and dissected on June 8, 1958) 
No. of % of No. of % of 
G Treat t plants plants flower buds _ plants with 
FOUR Fea en dissected with flower per plant terminal 
buds flower bud 
2>d—5/R—12hd 40 100 2.0 2.5 
1 4bd—7 =n 40 100 4.0 47.5 
6b>d=7 7 39 100 Dave 43.6 
8bd— 7 7 | 40 52.5 0.7 0. 
20(FL-+ FR)—5/R—125d 40 OES Pd D5 
40(FL--FR)=7 —7 40 105 4.6 95.0 
Se GYFL FRI 77 | 40 97.5 2.9 20.0 
— 80FL-+FR)= 7 | 39 2.6 0.0 0 
| 12bd 40 72.5 0.9 0. 
14bd | 40 100 2.8 235 
3 16d | 38 100 4.2 57.9 
205d 4.5 74.4 


97.4 


oe 
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showed no remarkable difference. This implies that the first process of the inductive 
dark period can proceed under FL+FR as easily as under FL or darkness, and that 
the flower inhibitory effect of far-red light which exerts an influence upon the follow- 
ing dark process is reversed by 5 minutes of red light; thus, the results become 
similar to those obtained in Experiment 4. 

Only the plants exposed to the red light following an 8-hour FL+FR initiated 
considerably fewer flower primordia than those darkened for 8 hours preceding the red 
light, probably owing to insufficient reversing effect of the red light for the flower 
inhibitory effect of 8-hour FL+FR. It was reported in a previous paper, that far-red 
light of 2~4 hours preceding the inductive dark period is not so effective for flower 
inhibition but that of 8 hours is very effective’). 


Discussion and Conclusions 


From the results mentioned above, it is concluded as follows: 

The first process of the inductive dark period proceeds under FL, FL+FR and 
darkness, and this process is stable to red light of 5 minutes (3000 erg/cm.®/sec.). 
But the process taking place 6-8 hours after the beginning of the first process is 
light-sensitive and destroyed or nullified by the brief red light. Probably, a light- 
sensitive substance, which is destroyed by the red light, is produced after 6-8 hours 
of FL, FL+Fk or darkness. 

As has been reported previously, far-red light preceding the inductive dark period 
has a dual effect, i.e. flower-promoting and flower-inhibitory effect?:*). The former is 
attributable to the fact that the first process of the inductive dark period can proceed 
under far-red light, and the latter to the effect on the “ red-far-red absorbing pigment 
system”, for the flower-inhibitory effect of far-red light is reversed by red light to 
some extent. 

Red light following the far-red light is also considered to have a dual effect, i.e. 
a light-break effect and a reversing effect on the “red-far-red absorbing pigment 
system”. The former is flower inhibitory and the latter is flower promoting. The 


observable effect of the red light following far-red light depends on which of these 
two effects is the stronger. 


Summary 


1) Five minutes of red light of 3000 erg/cm.2/sec. given at the 2nd to 4th hour 
of a long dark period does not inhibit flower initiation, but that given at the 8th 
hour does so. 

2) Eight-hour daylight fluorescent light of 10 lux (FL) preceding the dark period 
inhibits flower initiation a little when the dark period is 16 hours or more, but pro- 
motes when the dark period is 12 hours or less. Red light of 5 minutes following 
the 8-hour FL inhibits flowering response strongly irrespective of the duration of 
darkness. Probably, the red light has a light-break effect, because the first process 
of the inductive dark period is considered to proceed under the FL. 

3) Eight-hour FL mixed with far-red light of 120 erg/cm.?/sec. (FL+FR) preced- 
ing the dark period inhibits flower initiation if the dark period is 14-16 hours, but 
promotes if the dark period is 10 hours or less. The red light of 5 minutes miberted 
between them reduced the flowering responses when followed by a dark period of 14 


hours or less, but increased flowerin 
: to som 
dark period. g some extent when followed by a 16-hour 
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4) Red light following the FL+FR is considered to have a dual effect: 

i) It reverses the flower inhibitory effect of FL+FR preceding the inductive 
dark period. 

ii) It has a light-break effect, i.e. a flower inhibitory effect, through counteracting 
the first process of the inductive dark period, a process which presumably proceeds 
under FL+FR. 

The observable effect of red light following FL+FR depends on which effect is 
the stronger. 

5) FL, FL+FR and darkness have almost the same effect on flower initiation 
when given for 2-6 hours preceding a 12-hour dark period, with 5 minutes of red 
light intervening. 


Grateful acknowledgement is given to Professor S. Imamura for his suggestion 
and criticisms. 
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On the Life Cycle of Spirillum japonicum 


by Narumi WATANABE* 


Received June 2, 1959 


Since the life cycle of Azotobacter was studied by Lohnis and Smith!), many 
investigations mainly on those of bacilli have been carried out, but no reports on 
Spirillum except the recent ones of Williams’s’.*). The following paper by the author 
is an attempt to describe the results of the study of the life cycle of halophilic 
Spirillum japonicum‘) in a liquid medium. 


Method 


Spirillum japonicum grows well both on medium No. 1 and No.2 at 22°. The 
cells obtained by liquid culture were mainly stained by the vital-staining method and 
observed under the microscope. Léoffler’s methylene blue solution diluted twice to 
thrice was used for staining and found very effective. Spirillum can live and keep 
moving in the dye for some time after it is stained. The method of flagellum- 
staining after Sugahara and Nishizawa adopted in this experiment proved successful. 
Carbol fuchsin solution as second solution is highly efficient to examine the minute 
structure. In this experiment, Ziehl’s carbol fuchsin solution was sometimes used 
besides methylene blue solution, but it did not indicate the inner structure. Even 
the electron microscopic observation gave no satisfactory results. The reasons may 
be: 1). The cells of bacteria are so large that their contents immediately shrink 
due to desiccation in the vacuum-room. 2). The cell is too thick for the electron 
microscope to show the inner structure. 


Results 


1. Formation of conjunction capsule 

In fresh culture the bacteria are very motile and reveal their typical spiral forms. 
The spiral cells divide through transverse fission like other bacteria. Young vegeta- 
tive cells possess protoplasm which can be stained homogeneously by methylene blue 
solution, with fine unstained granules running obliquely to the long axis. These fine 
granules are not stained even by carbol fuchsin solution, so it may be assumed that 
they are not protoplasm but part of the cell membrane (Fig. 1. x 1350). 

The aerobic nature of this kind of bacteria brings about a turbid layer of about 
1-1.5cm. thick under the surface of the medium. In 40-48 hours culture fission be- 
comes less active and stained granules are seen in the cell. At this stage each 
organism located on the surface of the medium is observed growing a capsule at the 
end like a cap. It may be appropriate to call the capsule “conjunction capsule” (Fig. 
2. x1100). As the flagella grow out of the protoplasm, the dot observed on the flagella 
and located a little distance away from the pole is assumed to be the crossing point 
of the capsule and the flagella (Fig. 3. x 1350). As soon as a capsule begins to 
form, the spiral movement becomes slow while the cell starts vibrating. 

2. Radiate conjunction 

The cell with a capsule gathers each other and conjoin at the capsule, and a 


* Biological Institute, Faculty of Education, Chiba University, Chiba, Japan. 


February 1960 WATANABE, N. 45 


number of cells thus united take a radiate form (F ig. 4a & 4b. 1350). The number 
of uniting organisms gradually increases up to about forty. An unstained space is 
noticed where these cells join each other, which may indicate the existence of some 
capsules that can not stained by the flagellum-staining. Considering that the flagella 
remain unchanged in the center of the cells which are closely united at the poles as 
the conjunctive action proceeds, it is assumed that flagella take no part in the radiate 
arrangement (Fig. 5. shown by flagellum-staining. x 1350). Then a number of radiate 
forms are observed macroscopically to gather into a large mass floating like lumps 
of cloud in the medium (Fig. 6. x550), and sink down to the bottom by slight 
stimulus. 

Then the adhesive power of the organisms by which the radiate arrangement is 
maintained is so strong that they do not separate when artificially stimulated, for 
instance, by a stream of water passing between the deck glass and the slide glass 
or by a pressure given over the deck glass (Fig. 7. x550). The radiate arrangement 
is preserved for a long time in the preparation fixed with formalin (Fig. 8. stained 
with carbol fuchsin solution after fixation. x 1100). 

One giant organism about twice as thick as the normal one is always attached 
to the center of a radiate form. (Fig. 8, Fig. 9a & 9b. x1350) Later this giant cell 
comes to contain some large stained grains which may derive from the protoplasmic 
substance (Fig. 10. x1350). The giant cell, which the writer would like to name 
“stalk cell” provisionally, is supposed to keep the radiate form stable in the medium. 

The central part of the radiate form is too intensely stained to admit a glimpse 
into its structure (Fig. 9). Even the electron microscopic observation does not reveal 
the details of the radiate arrangement. Therefore, we are obliged to define the 
significance of the radiate arrangement by its subsequent behaviors. At the anaphase 
of the radiate arrangement, every one of the organisms except the giant one becomes 
thin while all the protoplasm in every cell transfers to the middle of the cell. Thus 
both the stained and unstained parts are seen in the same cell (Fig. 11. 550). 


3. Exocyst formation 

The radiate arrangement becomes looser and looser and finally it breaks up into 
free organisms making a slow spiral movement. A protuberance is made on the 
lateral side of the middle part of some organisms (Fig. 12. x 1350). The incipient 
protuberance membrane is so fragile as to release the contents by slight stimulus. 
The contents released from the cell are the protoplasm containing the stained granules. 
After the release, the mother cell becomes empty (Fig. 13. x 1350). 

As the globular protuberance grows bigger, it absorbs the greater part of the 
protoplasm and the stainable granules in the mother cell. (Fig. 14a & 14b. x 1350) 
When the exocyst is formed, the organism sinks to the bottom of the medium and 
then the exocyst is separated from its mother cell. All these processes need 5-6 
days to complete after the inoculation. After the completion of the exocyst, the 
mother cell takes a loose spiral form containing several stained grains arranged in a 
row. Each stained grains consists of several stained granules (Fig. 15. x1100). 
When an organism becomes extinct or destroyed, the grains are scattered in the 
medium and disappear (Fig. 16a & 16b. x1350). The stalk cell still retains its giant 
shape after the loosening of the radiate arrangement and its future course is unknown. 


4. Endocyst formation 
Apart from the bacterial cells arranged in a radius, there is a group of very 
motile cells in the.turbid layer of the medium. Often these cells are each shaped 
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like one wave as the result of fission. The middle part of the cell swells up and 
most of protoplasm migrates to this part, that is, it takes as a whole a somewhat 
twisted “V” or “J” shape (Fig. 17a & 17b. x1350). The protoplasm of the cell 
then works to make a globular endocyst. At this time a very small portion of the 
protoplasm remains at both extremities, or the basal granules of the flagella. The 
flagellum is found firmly sticking to the cell even after the organism has lost its 
power to move and comes down to lie still at the bottom of the medium (Fig. 18. 
shown by flagellum-staining). A full-grown endocyst is often discovered remaining in 
the mother cell (Fig. 19. x 1350). The absence of a reflective membrane distinguishes 
the endocyst from the endospore of other bacteria. Compared with the exocyst, the 
endocyst is larger and reveals the details of its inner structure, when it is stained: 


5. Germination of cysts 

The protoplasm is reorganized in both exocyst and endocyst before germination. 
It is homogeneous at first, but as the time of germination approaches, it begins to 
form a spiral structure (Fig. 20. 1350). When inoculated in the medium, the 
exocyst develops into an oval shape in four to five hours and the germ tube begins 
to emerge from one of the poles (Fig. 21. x 1350). And then it develops into a 
normal spiral shape. The mature endocyst separates itself from the mother cell and 
begins to germinate in the medium like the exocyst. The mother cell is left empty 
(Fig. 22. x 1350). 


Discussion 


Kishitani and Sumiyoshi®) found the radiate form in purple bacteria and considered 
this phenomenon as the intermediate form between the conjugation and symplasma 
asserted by Lohnis. Watanabe*) also found the same phenomenon in Rhodobacillus 
palustris. Smith’) who advanced the theory of the conjugation of bacteria, reported 
that two bacilli make a pair end to end in Bacteroides fundulformis. Lederberg’) 
observed the conjugal pairing in Escherichia coli. Williams?) observed the fusion of 
two spirilla in Spirillum lunatum and stated as follows. “The establishment of 
sexual fusion in Escherichia coli by Lederberg in 1947, based on genetical studies of 
the exchange of character in mutants of this organism, has not been confirmed by 
morphological evidence of conjugation or cellular fusion in the bacteria”. Apart from 
microscopical observation, Lederberg®) and Holloway") reported the genetic re-combi- 
nation in detail: the former on Escherichia coli and the latter on Pseudomonas 
aeruginosa. Lederberg") referred also to the sex compatibility. 

Potthoff") maintained the presence of a conjugation process formed on the lateral 
wall in the fusion of Rhodospirillum photometricum and named it the “ bridge .” 
Watanabe®) also insisted on the presence of a cojugating capsule at the cell end of 
Rhodobacillus palustris. . 

Dimitroff!®) named the equivalent of a reproductive body in Spirillum virginianum 
- coccoid body”. Cayton and Preston") took a photograph of the globular shape of 
Spirillum manucuniense. The reproductive body, or the “large body,” which is 
formed as the lateral or terminal bud in Proteus vulgaris was reported by Stempen 
9 tiyy # casaai Williams held the similar view of Spirillum and she named 

€ body formed on t i i “ mi cM i i 
sératateee he point of fusion “microcyst”, from which vegetative cell 

Now, the writer wants to discuss the problem of the cellular fusion on which 
Williams reported. She asserted that two spirilla entwined with each other to fuse. 
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But, it is obvious that an “entwined shape” can not be observed, if two spirilla are 
arranged in exact parallel. An entwined shape can be only observed when one spiral 
cell enters the other so that the two cells having the same convolution may entwine 
each other. And separation is only possible by going convoluting forward or back- 
ward. Therefore, it is maintained that the cellular fusion is difficult to be effected 
only by the attraction of a motile organism to the motionless one. Moreover, it 
follows that the fusion must be made at every spiral wave of the two entwined 
spirilla. Consequently, it is very doubtful that there is only one point of fusion 
between the two entwined organisms. Williams’s statement as to the number of 
fusion points and of microcyst is very vague. 

According to the writer’s observation, it is not clear whether or not the migration 
of the protoplasm in Spirillum japonicum takes place between the cells at the time 
of the radiate arrangement. But the facts that the radiate arrangement is very 
stable and that the exocyst is formed with part of the protoplasm may indicate the 
presence of a sort of conjugation among the spirilla. 

Williams*) observed some chromatin granules arranged in a row in the bacterial 
cells of Spirillum sinosum and Sp. anulus. Yuasa and Tanaka reported the presence 
of some nuclear materials in a granular state in young Spirillum sp. and in the state 
of some longitudinal rods at its later stage of development. The grains which appear 
only in the vegetative cells of Spirillum japonicum after the exocyst formation have 
a shape very similar to that nuclear substance of different dominations given by 
those investigators cited above. Judging from its behaviors, however, the writer has 
some doubts in admitting any of them as the true nuclear substance. 


Summary 


1. When Sprillum japonicum is cultured in a medium, it has two kinds of 
vegetative cells: one type has many conspicuous undulations and forms an exocyst, 
the other is shorter in length and looks like a rod-bacteria having a slight undulation 
and forms an endocyst. 

2. The organisms of the first type with “conjunction capsule” growing at the 
extremities form a radiate arrangement. This phenomenon is the cellular fusion 
which should be assumed as a kind of conjugation. 
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3. The protuberance absorbing the protoplasm of each fused cell develops into 
a globular exocyst. Both the endocyst and the exocyst are deposited motionless in 
the medium as precipitate. The protoplasm in resting stage in the cyst displays 
itself as the spiral structure before germination. A new organism grows out of the 


cyst as the unipolar germination. 
4. The life cycle of Spirillum japonicum is indicated in the diagram. 
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Developmental Mechanics of Fucaceous Algae XIV. 
Plasmolysis Pattern in Coccophora Eggs. 


by Singo NAKAZAWA* 


Received July 20, 1959 


Results of experiments on the plasmolysis of fucoid eggs were reported by 
Naxazawa'). According to him, the permeability of NaCl and saccharose generally 
decreases after fertilization, and plasmolysis is much more liable to take place at or 
near the pole where the rhizoids are to be formed than in other regions. These 
facts seem to be related to the phenomena that the vital staining appears more 
promptly after fertilization with various dyes and that it begins at or near the rhizoid 
pole. The present writer repeated similar experiments on Coccophora eggs and, as 
a result, could obtain some new observations especially as to the regional change in 
the physical properties of the cytoplasm occurring with development after fertilization. 

The material was Coccophora Langsdorfii, collected at Asamushi in April, 1959. 
Eggs liberated in glass vessels were fertilized artificially, and tested at five develop- 
mental stages: (a) after liberation but before fertilization (Fig. 2A), (b) transforma- 
tion stage (Fig. 2B), (c) just after the first nuclear division but before occurrence of 
segmentation (Fig. 2C), (d) just after the first segmentation (Fig. 2D), and (e) just be- 
fore occurrence of the second nuclear division (Fig. 2E). Eggs at each stage were 
immersed in hypertonic solutions of NaCl and of saccharose at various concentrations. 
The plasmolysis pattern which occurred was inspected. 


Results with Discussion 


Before fertilization, the egg undergoes not plasmolysis but plasmorrhysis in hyper- 
tonic solutions. That is, the egg surface becomes irregularly wrinkled, showing that 
the rigid cell membrane is not formed yet. This point agrees with the results of ob- 
servations in Hormosira by Levring?), 
and with the opinion presented by 
Nakazawa*) based on experiments of 
blister formation in some fucoid eggs. 
After fertilization, plasmolysis occurs 
in hypertonic solutions, and the limit 
concentration becomes lowered (Fig. 1), 
caused probably by the development 
of a cell membrane which is less 


- 
uw 


saccharose 


permeable for NaCl and for saccharose. 
This is also in accordance with former 
observations?.?). | Whitaker’s unique 
experiment?) obtaining elongated Fucus 
eggs by sucking eggs into a glass capil- 
lary and then blowing them out after 
several hours, also seems to be carried 
out utilizing this hardening of cell 


Limit Concentration (mol) 


Stage 

Fig. 1. Limit concentration for plasmorrhysis or 
plasmolysis at several developmental stages of Coc- 
cophora eggs. 1, stage of liberation; t, stage of 
transformation after fertilization; d, stage of the 
first nuclear division but before formation of seg- 
mentation membrane; 2c, two-cell stage; 2c’, later 
two-cell stage. 
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membrane during the time in which the eggs are contained in the capillary. 
Morphogenetic movement occurs after fertilization so that the egg form becomes 
ovate pointed at one end (Fig. 2B). At this stage, the plasmolysis pattern usually : 
appears at the pointed end and extends gradually (Figs. 2B’, 3A). After morpho- 
genetic movement, nuclear division takes place and the two daughter nuclei become 
located along the long axis (Figs. 2C, 3B). 

At this stage, plasmolysis occurs not only 
at the pointed end, but also in the 
equatorial region intervening between 
the daughter nuclei (Figs. 2C’, 3B). This 
cannot be explained from the standpoint 
that plasmolysis is liable to occur usually 
at the pointed end. That is, though the 
egg form is not changed through mitosis, 

Fig. 2. A-E, normal development of the Coc- the plasmolytic pattern appears different 
cophora egg. A’-E’, protoplasm contraction in before and after the division. Thus, it 
edison “atts at each stage corresponding must be attributed to some physical 

change in the properties of the cytoplasm 
composing the equatorial zone. It is well-known that both spindle and cytoaster are 
composed of gel which is different from the surrounding cytoplasm which consists of 
sol’). Therefore, if we draw two circles of a certain radius, each originating at the 
center of each cytoaster, the area contained in these circles stands for the territory 
of the cytoasters, i.e. the zone of gel (Fig. 4). Then it is obvious that the equatorial 
zone is getting out of the boundary of the gel territory. In other words, that zone 
is considered to be of lesser viscosity. On the other hand, it is also known that the 
lower the viscosity of cytoplasm is the more easily plasmolysis takes place. That is 
to say, the plasmolysis peculiar to the equatorial zone seems to be caused by the local 
lowering in viscosity of cytoplasm in that region. 

After the nuclear division, the first segmentation occurs forming a membrane at 
right angles to the long axis. The new membrane is observed to be connected with 
the membrane of the mother cell. Nevertheless, the plasmolysis appears in just the 
some pattern as that which appeared before occurrence of the segmentation. That 
is, the egg undergoes plasmolysis at the segmentation wall as well as at the pointed 


eos 


Fig. 3. A, polar plasmolysis at the pointed end; B, plasmolysis both 
at the pointed end and at the equatorial part; C, separation of the seg- 
mentation wall from the wall of the mother cell upon plasmolysis. 


sie 2D’, 3C). On this occasion, rather curiously, the segmentation wall is 
‘oe is rom the wall of the mother cell at their junction with contraction of the 
protoplasm at the equatorial zone. Naturally, the segmentation wall also contracts to 
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shorter but more thickened appearances (Fig. 2D’). Later, 
cellulose is deposited also in the segmentation wall. Reach- 
ing this stage, it is connected firmly with the wall of the 
mother cell so that it cannot be separated from the latter 
upon occurrence of the plasmolysis (Fig. 2E’). In Fucus 
eggs, the rhizoid pole is determined on the shaded side 
when the egg is illuminated unilaterally with ultra-violet 
light. At the same time, plasmolysis appears also on the 
shaded side though the egg is still of a spherical form 
when it is immersed in a hypertonic solution’). It is a mat- 
ter of course that this polar plasmolysis is attributed merely 
to a local change in the physical properties of the proto- 
plasm. In Coccophora, however, the question is not always 
simple. That is, the polar plasmolysis, occurring at the Fig. 4. Diagram indicat- 
pointed end, seems to be connected partly with the regional ing the territory of cyto- 
change in viscosity of the protoplasm but partly with the asters after the first nuclear 
form of the egg. According to Wartenberg’), plasmolysis division. Arrows represent 
is not the separation of plasma membrane from the cell Zones getting out of the 
wall, but it is the development of large vacuoles between CYtoaster territory, where 
the cortex and the endoplasm. Therefore, he remarks, al- DELON RRO MLR 
though it looks as if they were separated from each other, ee 

the cortex of protoplasm is still connected with the cell wall. This, however, can- 
not be applied to the case of fucoid eggs. As is seen in Figures 2D’ and 3C, and as 
was aforementioned, the segmentation wall is completely separated from the wall of 
the mother cell. Here, if the cortex of the protoplasm still remained attached to the 
cell wall, the segmentation wall would also remain together with the cortex, as it 
was connected with the wall of the mother cell. But the fact is different. 


Summary 


As a result of plasmolysis experiments in eggs of Coccophora Langsdorfi, the 
following was revealed. (1) The permeability of the egg protoplasm to NaCl and to 
saccharose decreases after occurrence of the fertilization. (2) plasmolysis is liable to 
occur at the pointed end, i.e. the rhizoid pole, after the egg was transformed to an 
ovate form by the morphogenetic movement. (3) After occurrence of the first nuclear 
division, the plasmolysis occurs along the equatorial zone as weil as at the rhizoid 
pole, though the form of the egg is identical with the former stage. This indicates 
that a certain change in the physical properties of the cytoplasm is taking place locally 
in that zone. (4) At an early stage after the first segmentation, the wall of seg- 
mentation is not firmly connected with the wall of the mother cell, so that it can be 
separated from the latter with contraction of the protoplasm upon plasmolysis. 
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Interrelationships between Leaf Amount, Light Distribution and 
Total Photosynthesis in a Plant Community* 


by Toshiro SAEKI** 


Received August 6, 1959 


Total photosynthesis and production of matter in a plant community are of pri- 
mary importance for the ecological studies on the plant community. Their direct 
measurement must, however, be accompanied by numerous difficulties and has so far 
been done only in a few cultivated plants!.?.3.4.5), because such troublesome procedure 
is not practical in every research on natural vegetation. Among many environmental 
factors influencing the total photosynthesis of a plant community, light factor is of 
supreme importance in our mesophytic condition, because ‘ reaction’ of the plant com- 
munity is, in its degree, most extensive upon the light factor as reported in a previous 
paper®). Therefore, clearing up the interrelations between leaf amount, light distribu- 
tion and total photosynthesis in a plant community will provide a convenient and practical 
means of estimation of the total photosynthesis and, in reverse, a logical explanation to 
the variability of directly measured data on the total photosynthesis and dry-matter 
production. Such attempt has already been taken on trial by Monsi and Saeki (1953)°), 
and Davidson and Philip (1958)’). 

In the present paper the logic will be made stricter and the mathematical equa- 
tions introduced be improved to be more comparable with dry-matter increase taking 
place in nature than in a previous paper‘). 


Relation between leaf amount and light distribution in 
a plant community 


Within a plant community incident light intensity diminishes on account of light 
absorption, for the most part, by leaf laminae. So the area of the leaves and their 
mode of distribution are no doubt the major determinant of light distribution inside 
the plant community. Now, let F be the total leaf area per unit stand area from 
the top to a plain x cm. above ground level. / at ground level («=0) is total leaf area 
of the whole plants per unit stand area, that is ‘leaf area index’ (LAI). Then the 
mean relative light intensity J’/J) prevailing at a height of «cm. can be represented 
as a function of F; I’/h=f(F). In every field work this mean relative light intensity- 
foliage relationship can be readily determined by means of the ‘stratifying clip 
method ’*) and two photometers which are employed for measuring relative light 
intensity. The light intensity 7’ thus measured at horizontal plane is, however, not 
always the same as the light intensity J received by the leaves at the same height, 
as is easily demonstrated in the case of grass communities which do not carry hori- 
zontal leaves but inclined ones. Light-photosynthesis curves so far obtained are in 
general plotted against illumination to which a leaf lamina had been vertically ex- 
posed to measure the photosynthesis. It is therefore necessary for the estimation of 
total photosynthesis of a plant community, to obtain such illumination intensity at 
each leaf surface in natural conditions. This can be calculated from the relative light 
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intensity-foliage curve through the following theoretical consideration. 

Between two different heights in a stand, difference in light intensity is regarded 
as difference in light quantity per unit area of horizontal plane (cf. also (6)). If the 
two heights are replaced by F and F+4F, this difference consists of fractions absorbed 
and reflected back to sky by 4F. So, the mean light quantity per unit leaf area which 
the leaves between the two heights should absorb and reflect is [f(F)—f(F+4F \o/AF. 
At infinitesimal of 4F, the light quantity can be expressed as —hf’(F), i.e., the light 
intensity equivalent to the absorbed and reflected fractions. The light intensity to be 
received by the leaves at this height is the sum of the two fractions and the trans- 
mitted fraction of light. So, when m stands for leaf transmissibility, the received 
relative light intensity J/J) is expressed as 

Th=—f'(F)/A—m) . (1) 
This basic formula of light penetration implicates the fact that under constant incident 
light intensity the more the light is absorbed and reflected by each leaf, the less the 
light penetrates below the foliage, and vice versa. This formula is applicable to every 
case, whatever the form of function f(F) may be, and even to heterogeneous plant 
communities. In the case of a plant com- 
munity carrying leaves of horizontal habit, 
I/Ily may not be so different from J’/Jo and 
the former can be justifiably replaced with 
the latter, while in a grass-type community 
this replacement fails. For this reason, it 
seems to be disputable that as the light 
received by leaves Takeda adopted J’/I) to 
a grass-type community such as rice plants’). 
On the other hand, for simplifying the cal- 
culation of illumination in buckwheat stands, 
Iwaki assumed that the leaves from F=0 to 
F=1 received full daylight’). If so, at F=1 
residual light quantity must originate exclu- 
sively from transmitted fraction, and the il- 
lumination which the leaves in the range 1< 
F’<2 received would have to be less than the 
leaf transmissibility of this plant, i.e. 8%, yet 
he assumed the value to be 40.5%. Such er- 
roneous procedures may lead to mistakes in 
conclusion. In phytoplankton the measure- 
ments of photosynthesis rate and light inten- 
sity are always made in community state, so 


"100 % 


oF 
100 g F 


Fig. 1. Productive structure of a Mis- 
canthus sacchari florus community. Two 
broken lines show the contrast between the 
distribution of relative light intensity meas- 
ured at horizontal plane (J’ /Io) and the dis- 
tribution derived from Equation (1) of the 
relative light intensity to be received by 
leaves (I/Iy). Leaf transmissibility (m) in this 
plant is 10%"), The hatched area, the 
system of other species; the dotted, the 
yellowing leaves. SN means stem number 
of Miscanthus plants. 


that the distinction between J’/J) and J/Jo is 
unnecessary and the extended application of 
Equation (1) to phytoplankton community as 
attempted in a previous paper!) is mislead- 
ing. Fig. 1 where the productive structure 
of Miscanthus sacchariflorus community, a 
typical lowland tall-grass community in cen- 
tral Japan, is illustrated, gives a clear com- 
parison between the distribution curve of J/Jo 
and that of J’/Jo in the plant community. 
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After surveys extending a wide range of herb communities in Japan, Monsi and 
Saeki?) have revealed that in a homogeneous community the function f(F) can be 
expressed as follows: 

F(P)=I'/hh=exp(—KF). (2) 


This equation means In/’/Jo linearly relates to F. Further theoretical analysis, 
however, indicated that in a plant community having steeply inclined leaves, theore- 
tical relation between In J’/Jo and F diverges from perfect linearity: In a range of 
higher F, I’/Io is theoretically somewhat higher than expected from Equation (2). 
In natural stands, however, when upper younger leaves are erect, lower older ones 
are more and more inclined towards horizontal, thereby contributing to establishment 
of Equation (2). Moreover, theoretical analysis indicated that the extinction coefficient 
K is determined by transmissibility, arrangement and especially inclination of leaves. 
When Equation (2) is substituted into Equation (1), illumination intensity at the sur- 
face of leaf lamina is expressed in terms of F, m and K as 


I/Ib= K exp (— KF )/(1—m) . (3) 


If K and m are known, vertical distribution of J/Js will be easily derived from this 
equation by the use of parameter F. Davidson and Philip’) adopted Equation (2) but 
not Equation (3) to the theoretical analysis of pasture growth, so their results can 
hold only for stands of plants with broad leaves of approximately horizontal habit, 
such as Trifolium subterraneum discussed in their study. 


Total photosynthesis and leaf amount in a plant community 


In a previous paper*) it was assumed that all the leaves within a plant community 
give the same light-photosynthesis curve, but it has been clarified by further investi- 
gations that this assumption is inadequate, because the duration of high photosynthetic 
activity is very short in annual plants and, as well known, differentiation of sun and 
shade leaves is often remarkable in trees. However, so far as plants construct 
a dense plant community this assumption does not lead to any essential error, in 
other words, light-photosynthesis relation in every leaf can be represented practically 
with one and the same gross photosynthesis curve which is obtained with an active 
leaf, and the respiration, with the mean respiration rate of all leaves as already 
reported’). 

This conclusion makes it easy to integrate photosynthesis of each leaf and to 
obtain the total photosynthesis of the foliage of a plant community. By combining an 
hourly photosynthesis curve in an active leaf (Fig. 2) with mean daily march of illu- 
mination (Fig. 3), a relative light intensity-daily photosynthesis curve can be con- 
structed. Two such examples calculated from the data on Celosia cristata and Zelkowa 
serrata are both illustrated in Fig. 4, where daily photosynthesis is represented by 
gain in (CeHi0Os)n so as to be comparable with plant growth in dry weight. The 
hourly photosynthesis curves for the two species illustrated in Fig. 2 can be regarded 
as representatives of herbaceous plants and broad-leaved trees, respectively, because 
the light-photosynthesis curves obtained in our laboratory for about 80 species re- 
vealed that the mean value of photosynthetic capacity (light-saturated net photosyn- 
thesis at normal atmospheric CO. concentration) in herbaceous plants is 7-8 mg. and 
that in trees is 5-6mg. CO./50sq.cm./hr., at 25° (unpublished). As for mean daily 
march of incident light intensity, an average of mean daily course of illumination 
measured in Tokyo by Hirayama during four months from June to September in 1940- 


1941'*) was used (Fig. 3). 
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Fig. 2. Light-real photosynthesis curves 
in the active leaf of Celosia cristata and 
Zelkowa serrata at 25° and 0.03% COxg. 
Mean respiration rate is 0.65 mg. CO,/50 
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sq.cm./hr. in Celosia (in consideration of leaf 4 8 12 16 Hr 20 


weight!2)) and 0.50mg. in Zelkowa (mean 


value for sun and shade leaf). 


Photosynthesis g. d.w./sq. m./day 


Respiration 


| 
] 
0 50 
Rel. Light Intensity 
Fig. 4. Relative light intensity-daily 
real photosynthesis curves in Celosia 


100% 


and Zelkowa. Solid lines; the values 
calculated from Figs. 2 and 3. Broken 
lines; the curves of rectangular hyper- 
bola with which the solid lines were 
approximated. Chain lines; the level of 
mean daily respiration at 25°. If 100% 
light intensity is represented by J=1, 
the constants in Equation (4) are as 
follows: Celosia; a=6.9, b=110 and 
r=1.92. Zelkowa; a=7.7, b=91.2 and 
Poa 
extent. 


Fig. 3. Mean diurnal courses of light inten- 
sity in 100%, 60% and 20% of incident light. 
The curve for 100% corresponds to mean 
diurnal course of light intensity for four 
months in summer measured at Tokyo!*). 


As drawn with broken lines in Fig. 4, the 
light-photosynthesis curves thus obtained can well 
be approximated with rectangular hyperbolae (cf. 
Davidson and Philip’)), 


ve aiddoisnsee 
l+al : 


q (4) 
where a and b are constants which characterize 
the shape of the curve, and 7 is the mean respi- 
ration rate of all the leaves. Such rectangular 
hyperbolic curve was already applied to hourly 
light-photosynthesis curve in a previous paper®). 

Insertion of Equation (3) into Equation (4) and 
its integration with respect to F provide the mean 
total daily photosynthesis P of all the leaves as a 
whole (daily surplus production) in a plant com- 
munity whose LAI is F, that is, 


p= b “ (1—m)+ Kalo 
Ka (1—m)+ Kal exp (— KF) 


In the right hand side of this equation, the first 
term expresses daily gross production, i.e., total 
sum of real assimilation of all the laves. Fig. 5 
shows P as function of F and K at 100% incident 
light, other quantities assuming the values for 
Celosia used in Fig. 4. As shown in the curves 
in Fig. 5, P increases with increase of F to some 


aoe 6 she, 


The relation is not linear but convex, which means increasing mutual shad- 


ing of foliage leaves with increase of F. Each of these curves has a maximum, beyond 
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which the surplus production decreases on account g. d.w./sq. m./day 
of negative assimilation in the deeply shaded lower 40 
leaves. Furthermore, these curves evidently indi- 

cate that in lower F daily production in foliage is 

not much different among plant species having 
different AK, but with increase of F these dif- 30 
ferences become very remarkable. This. result 
clearly interpretes the difference in growth be- 
tween sugar beet and the wild types of sea beet 
reported by Watson and Witts'*), because the 20 
former has upright leaves (smaller K®)) while the 

latter have prostrate ones (larger K). According 

to their experiment, in a stage of lower F, NAR 

was almost the same in both species, but in a later 10 
stage of higher F, NAR in sugar beet was much 
higher than that in the wild types. Equation (5) 

also indicates that the daily surplus production 
increases with increasing radiation level, in a con- 

vex but less curved curve than in datached leaf. 
Similar relation for momentary photosynthesis has Fig. 5. Daily surplus production P 
already been demonstrated experimentally by of Celosia stand under full daylight 
Boysen Jensen'), Takeda and Maruta*) and Yamada (100%) calculated from Equation (5). 
et al.°). Ina similar equation in a previous study’), FF in abscissa is ‘leaf area index’. K 
P was expressed as hourly photosynthesis of whole is extinction coefficient. Leaf trans- 
foliage in an illumination of a definite intensity, missibility m=0.1, other constants be- 
while in the present paper P means the daily ing the same as in Fig. 4. 

surplus production in a plant community and Jo, the incoming radiation level relative 
to the mean daily illumination in summer period of Tokyo (the 100% curve in Fig. 
3, 568,000 lux-hours). 


Light-compensation point, optimum leaf amount and maximum 
production in a plant community 


The maximal daily surplus production is performed by a leaf amount where the 
lowermost leaves assimilate dry matter in average just to compensate for daily mat- 
ter loss by respiration (g=0). The leaf amount has been denoted as Fop:, when ex- 
pressed in LAI*). When LAI exceeds Fo, the lower leaves exceeding the Pops 
probably perish and fall in due time on account of dry-matter loss by respiration 
surpassing photosynthetic gain. In this respect the information presented by Verikof") 
should be noticed. Studying translocation and distribution of assimilated substances 
in soybean plants, he clarified the substances assimilated by a light exposed leaf were 
hardly furnished to the neighboring starved leaves. Provided this result is applicable 
to other plants the assumption introduced by Davidson and Philip will be denied that 
the leaves situated lower than compensation depth can survive until total respiration 
of a whole stand exceeds its total gross photosynthesis’). Therefore, Pop: is not only 
the ‘optimum LAI’ for dry-matter production in the plant community but also the 
maximum LAI to be able soundly to exist. Davidson and Philip reported that irrigated 
swards at Adelaide developed foliage with a maximal LAI of about 10’). Takeda and 
Kumura also demonstrated that rice plants at heavy manuring could bear leaves cor- 
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responding about 10 in LAI!). Such exceedingly high LAI will rarely appear and 
rather as a transient phenomenon in most cases. ' 

The relative light intensity at this compensation point, Jc, can be obtained by 
combining daily gross photosynthesis curve (this can be represented by the curve for 
an active leaf e.g. in Fig. 4 because of weak illumination) and daily respiration 7 of 
the lowest but not yellowish leaf. Then, 

whloxid (6) 

l+al. 
The values of J; calculated from Equation (6) were 1.7% and 1.1% in Celosia and 
Zelkowa, respectively. As above mentioned, the data on these two species can be 
taken as representative ones of vigorously growing plants in our temperate zone. 
The relative illuminations on the stand floor of a large number of our herbaceous 
communities were generally 2-3%*). The calculated compensation points, therefore, 
seem to be a little smaller. . 

A rough estimate of the value of ‘optimum LAI’ Fu (F at g=0) can be obtained 
from Equations (3) and (6) as follows: 

1 KI(b—ar) 
opt — 1 
co K 7 r(1—m) 


The values of the Fo (Fig. 6) calculated by means of Equation (7) from the data 


(7) 


F for Celosia and Zelkowa were 4-11 (in the range 
12 a coheed A K=03 from K=1 to K=0.3) and a little larger than 
1 7 : the LAI 4-7 which were found in natural her- 
10 baceous communities in Japan*®). The smaller 
44 values of compensation light intensity and the 
fA LANK05 ar l f ‘optimum LAI’ calculated are 

8 ger values of ‘ optimu calcula a 
et vat haga al possibly due to the following reasons: Light in- 
ar Be ZL Keor tensity distribution at the same stratum in a 
DPA Z )Ke10 stand shows in practice deviations from the 
p d LF mathematical mean, which are noticeable in pres- 
K-20 ence of sunflecks in the lower layer. Light- 
2 photosynthesis curves are always convex up- 
wards, so if mathematical mean of light inten- 

%* Oe, é 

Oars Bar sr TENG sities is taken, the calculated photosynthesis of 


a plant community as a whole should be some- 
é ; : TiTo what overestimated. Other reasons to be con- 
Fig. 6. ‘Optimum leaf area index’ F z ; 3 

plotiedlagdinebortiativeongnt “ldtenlity sidered may be elevation of compensation light 
I/Ip in logarithmic scale. Calculated by intensity of the lower leaves due to (1) addi- 
means of Equation (7) and constants tional respiratory loss of dry matter in non- 
derived from Celosia (solid lines) and Photosynthetic systems such as stem and root, 
Zelkowa (broken lines). 7 and mare 1.71 (2) continued cloudy or rainy weather which 
(g/sq. m./day)"") and 0.1 in Celosia, and may occur occasionally during growing period 


0.88 and 0.0711) in Zelkowa, respectively, and (3) shading by plant organs other than leaf 
other constants being the same as in Fig. laminae. 


4. The daily maximum surplus production 
(denoted with Pmax) is performed by ‘optimum LAI’ as mentioned above. The small 


overestimation of Fo, exerts little effect on Pmax, because contribution of the lower 


leaves to productivity of the whole stand is very small. Then, Equations (5) and 
(7) provide Pmax as follows: 
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Pray= jy L4aKb[(l—m) _ 7 | Ki(b—ar) 
Ka L-arf(O—ar)n wk r(1—m) 


From Figs. 7 and 8 in which the dependence of Pax on Jp and that on Kare plotted, 


(8) 


g. d.w./sq. m./day g. d.w./sq. m./day 
Pmax Pmax 
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Rel. Light Intensity 

Fig. 7. Daily maximum surplus production 
Pmax in relation to relative level of incident 
radiation (Jp) at different extinction coefficient 


K 


Fig. 8. Daily maximum surplus production 
Pmax in Celosia stand (solid lines) and Zelkowa 
f stand (broken lines) in relation to extinction coef- 
ieey Calculated, from i op ne ce). ; ihe con- ficient K at relative light intensities of 100%, 50%, 
stants are the same as in Celosia in Fig. 4. 30%, 20% and 10%. Calculated from Equation (8). 


it is evident that Pmax is markedly different among plant communities having different 
extinction coefficients or exposed by different light intensities. In each fixed course 
of daily incoming radiation, Pmax has again one maximum at dPmax/dK=0, where 
KIh/(1—m) is constant (Fig. 8). At high light intensities, therefore, Pmax is higher in 
a plant community having a smaller K, on the other hand at low light intensities the 
maximum of Pmax is found in a plant community having a larger K, as mentioned 
in a previous paper*). For dry-matter production in natural vegetation, therefore, it 
is of greater significance that in uncovered situations the plants, as is often the case, 
have inclined leaves, on the contrary the leaves in the deep shade are horizontally 
arranged. 

The calculated surplus production (Figs. 6, 7, 8) will be applicable to any plant 
community in a given radiation level, if photosynthetic capacity in an active mature 
leaf is in the same level as in Celosia or Zelkowa (see Fig. 2) and water condition is 
favourable. Midorikawa'*) has studied productivity of an Aconitum altherbosum on 
Mt. Hakkoda (northern Honshu) and reported that, when leaf amount attained to the 
highest level in late June, the daily gross production and surplus production were 
35 and 28 g.d.w./sq. m./day, respectively. In this plant community Jo was reported 
about 100% and K, 0.6-0.8. Regrettably photosynthetic capacity of Aconitum leaf 
has not been reported, but the value can be estimated from Figs. 8 and 2 at 8mg. 
CO:;/50 sq.cm./hr. in net rate, a little smaller value than 8.3mg. in Celosia. The 
magnitude of this estimated value is not beyond expectation as stated above. 
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Blackman and Black”) collated the maximal levels of daily net production meas- 
ured in U.S.A. and England by different workers. Those values may serve as stand- 
ards of comparison with the theoretical values of Pmax presented here, because they 
can be regarded as achieved by ‘optimum LAI’ under good water and nutrient con- 
ditions. Although basic data such as photosynthetic capacity of leaf and extinction 
coefficient in the plants concerned were not provided, Verduin and Loomis in other 
experiment obtained in average 7.9 mg. CO:/50 sq. cm./hr. as photosynthetic capacity 
of corn!’), Photosynthetic capacity in cotton and sugar beet attained to 10mg. per 
the same unit!) Therefore, it may be of interest to compare the cited data with 
values calculated in Celosia (photosynthetic capacity 8.3 mg.) at a radiation level of 
100%. Of the plants cited, sugar cane, corn, sugar beet and barley have steeply inclined 
leaves, while cotton and kale have relatively less inclined leaves. In herbaceous com- 
munities in Japan K is usually 0.3-0.5 in stands with steeply inclined leaves and 0.7-1.0 
in stands with less inclined leaves®). Therefore, quite reasonable is the assumption that 
the extinction coefficient in the former species is 0.4 and that in the latter species is 0.8. 
From Fig. 8 the daily surplus production in Celosia is 35 g./sq.m. at K=0.4 and 27g. 
at K=0.8. If total respiration in non-phtosynthetic system (stem, petiole, root etc.) 
is assumed 1/6 of the surplus production, then the net production at K=0.4 and K= 
0.8 will be 29g. and 23 g./sq.m., respectively. In such high radiation level as 100%, 
gross production far exceeds total respiration, so, as seen from Equation (8), Pmax is 
nearly proportional to the value b which is also roughly proportional to photosynthetic 
capacity. Therefore, when photosynthetic capacity is raised from 8.3 mg. CO./50 
sq.cm./hr. to 10mg., net production is calculated at K=0.4 to be 35x 10/8.3x5/6= 
35 g./sq.m. and at K=0.8 to be 27g. These theoretical values coincide considerably 
well with those measured in field experiment (sugar cane 38g./sq.m., corn 27 ¢g., 
sugar beet 3lg., barley 23g., cotton 27g., kale 21g.). The larger value, 38 g./sq. m., 
measured in sugar cane”®) may be ascribed to the higher mean radiation in Hawaii 
as already conjectured by Blackman and Black’) (cf. also Fig. 7). 


Summary 


1. In order to find a practical means of estimation of the production of matter 
in a plant community and to give a logical explanation to the variability of directly 
measured values, theoretical analyses have been advanced of the interrelationships 
between leaf amount, light distribution and total foliage photosynthesis. 

2. Inside foliage relative light intensity received by the leaves is not always the 
same as the light intensity measured at horizontal plane at the same height (Fig. 1). 
In homogeneous stands the former can be derived from Equation (3), when leaf 
transmissibility is known and extinction coefficient (K in Equation (2)) is obtained be- 
forehand by ‘stratifying clip method’. 

3. If photosynthetic capacity in the active leaf and mean respiration rate of all 
the leaves in a stand are known, the mean total daily photosynthesis of whole foliage 
is estimated by Equation (5). An example in representative herbaceous species is 
presented in Fig. 5, where it is clearly indicated that with lower ‘ leaf area index’ 
daily production in foliage is indifferent to inclination of leaves, while with increase 
of leaf amount the role of inclination in the production becomes very remarkable 
upright leaves being more efficient than horizontal ones under full daylight as aeenens 
strated by Watson and Witts. 


4. Compensation light intensity and ‘ optimum leaf-area index’ (Fy:—leaf amount 
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in the form of LAI for the highest production) are calculated from the photosynthetic 
capacity in the active leaf and respiration rate of the lower leaf (Equations (6) and 
(7)). The obtained values seem to be quite reasonable in consideration of the mini- 
mum light intensities and ‘leaf area indexes’ in the natural communities. 

5. The highest daily production in a plant community, Pmax, calculated with 
Equation (8) was discussed in relation to the extinction coefficient and incoming radia- 
tion (Figs. 7 and 8). An approximate coincidence was recognized between the cal- 


culated values and the highest net production in crop fields collated by Blackman and 
Black. 


The author should like to express his sincere thanks to Prof. M. Monsi for his 
invaluable advice and encouragements. 
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Comparative Effectiveness of Gibberellins A,, A,, A; and A,, 
with Special Reference to That of A,* 


by Tohru HASHIMoTO** and Toshio YAMAKI** 


Received August 17, 1959 


The gibberellins, which are plant growth stimulators, were isolated as a crude 
crystalline mixture from culture filtrates of the pathological fungus Gibberella fuji- 
kuroi Wr. in 1935. Since that time four gibberellins, i.e., Ai, Az, As and Ay (GAj, 
GA:, GA; and GA,) were isolated. 

Meanwhile it has been revealed that the gibberellins which were thus isolated as 
extensive growth stimulators of rice seedlings have many physiological effects such 
as stimulation of stem elongation and leaf expansion, growth promotion of dwarf 
mutants, removal of light inhibition in Avena first internodes, promotion of flower- 
ing, fruit setting, induction of dark germination of light sensitive seeds, etc. The 
historical background of discoveries and the physiological activities of the gibberellins 
have been reviewed by Stowe and Yamaki!:*) and Brian’). 

The investigations of these physiological effects were performed by using GAs 
(gibberellic acid) or a mixture of GA; and GA;. The next step would be to determine 
whether or not all of the four gibberellins have these physiological activities, and if 
active, how the comparative effectiveness is. 

Bukovac and Wittwer‘) investigated the effects of GA:, GA:, GAs, GA: and 
methylesters of GA: and GAs; in inducing the vegetative elongation of epicotyls, 
flowering of facultative long-day annuals and fruit setting. According to their ex- 
periment, all of these gibberellins and the methylesters were effective in the investi- 
gated phenomena, and the order of activity was GA; >GA; >GA,>GA,>methylester 
Ai=>methylester A;- Sumiki®) also reported that the effectiveness was in the order of 
GA;, GA:, GA; and GA: in promoting the elongation of rice seedlings. Phinney and 
Neely*) obtained a similar order of effectiveness by the application of GA,, GAs and 
GA; to the seedlings of dwarf mutant and normal maize. 

We previously reported’) in brief that all of the four gibberellins were effective 
in promoting leaf expansion and inducing the dark germination of light sensitive 
tobacco seeds, and that GA; was the most active in comparison with the other gib- 
berellins. The present paper describes the detailed data about that experiment, and 
also gives the results obtained thereafter. 


Materials and Methods 


Comparative effectiveness of these gibberellins was studied with the elongation 
of intact rice seedlings, the expansion of radish leaf disks and etiolated bean leaf 
disks, and the induction of the germination of light sensitive tobacco seeds in the 
dark. The effects of GAs; and of a mixture of GA; and GAs were already reported 
all these cases®:®.®) except that of bean leaf disks. 


The rice employed was Oryza sativa L. “Norin No. 25”. The seeds were sown 


* The present studies were supported in part by grants from the Ministry of Education. 
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in shallow tap water in a large Petri dish and kept at 25-30° for three days until 
the coleoptiles appeared and became 2-3mm. in length. The seedlings of uniform 
size were selected and lots of 12 seedlings each were transferred to small Petri dishes, 
5.5 cm. in diameter, containing three layers of filter paper and 10 ml. of Boysen Jensen’s 
culture solution with or without the addition of one of the gibberellins. Two dishes 
were prepared for each experimental condition. All these dishes were kept in an 
experimental room under diffuse light at 25-30°, being occasionally supplemented with 
distilled water. When the seedlings grew to reach the lids of the dishes, the lids 
were removed. Six days after the transference of the seedlings the length of the 
second leaf sheath was determined. 

The radish used was Raphanus sativus L., “ Riso-daikon”. The experiment was 
made according to Kuraishi’s method?°). 

In the case of bean leaf, the experimental method was almost similar to Miller’s 
one''); but 2 per cent sucrose was added to the incubation medium instead of glucose. 
Sucrose brings about better growth of bean leaf disks than glucose, and unlike glucose 
no lowering of pH of the medium during incubation was observed’). 

Seeds of tobacco (Mcotiana tabacum L., “Bright Yellow”) were obtained at 
Tateyama, Chiba Prefecture. These seeds ordinarily require exposure to light for 
germination. Seeds were sown on two layers of filter paper soaked with 0.02M 
potassium nitrate solution containing various concentrations of gibberellins and were 
allowed to germinate for five days at 25° in the dark. Potassium nitrate intensifies 
the gibberellin-induced germination™). 

Tested concentrations of GA:, GA: and GA; ranged from 10-” to 10-*M, and 
those of GA, from 10-” to 3x10-°M because of its insolubility in concentrations 
above 3x10-°M. 


Results 


The elongation responses of the second leaf sheath of intact rice seedlings to 
GA:, GA:, GAs and GA, are indicated in Fig. 1. Growth promotion was obtained 


over the concentration ranges 
a08 2ND LEAF SHEATH 4 
OF : 


above 10-7M for GA; and GAs, 
RICE Se: 
q of 


above 6x10-’M for GA,, and 
above 10-°M for GA,. As seen 
in the figure, GA; and GA; were 
far more effective than GA, and 
GA,; GA, has a little stronger 
effect than GAz, and no significant 
difference in activity was noticed 
between GA; and GA;. In this 
case the order of effectiveness 
was GA, =GA;>GA.i>GAz. 

In the case of application to 100 
leaf disks, on the other hand, the GB. CONCN.(M) 
electiveness order of the gibberel: sonia i7, “Effectsof GA, GAs, "GAs and GA,’ on the 
lins was different from that for elongation of the second leaf sheath of rice seedling 
the leaf sheath elongation. Fig. cultured for 6 days at 25-30°. Ordinate shows the length 
2 shows the results of the ex- of the second leaf sheath as per cent of that of control 
periment about the effects of the (36.0mm.). 
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LENGTH AS PER CENT OF CONT. 
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gibberellins on the expansion of radish leaf disks in the light. Among the four gib- 
berellins GAs produced the largest acceleration of leaf expansion and its activity was 
noticed even at as low a concentration as 10°" M. GAs was more effective than GA 
in high concentrations, but 
at lower concentrations the 
reverse was the case. GA: 
was the least effective among 


OF CONT. 


RADISH LEAF 


the four gibberellins. Fa 
Growth responses of etio- e sae 
lated bean leaf disks to the 3 
gibberellins were similar to 
those of radish leaf disks. rf <a 
The growth promotion of 
bean leaf disks was observed © 
over the similar concentration = 
ranges, and the order of ef- 2 
fectiveness of the four gib- 3 ii oi? iol? 1o® 168 104 
a 


berellins was identical. 
Fig. 3 shows the germi- Fig. 2. Effects of GA, GAz, GA; and GA, on the expan- 
nation rates of tobacco seeds sion of radish leaf disks. Ordinate shows the increase in 
induced by the four gibberel- diameter of treated disk as per cent of that of control disk 
lins in the dark. The germi- (0.672mm.) for 18 hours in the light. Initial average diameter 
nation was observed over of a disk was 4.33 mm. 
the concentration ranges 
above 10-7M, 3x10-®M, and 3x10-5M for GA;, GA: and GA;, and GA:, respectively. 
The concentrations required for 20 per cent germination were ca. 2x10-°M, 9x10 
M, 10-*M and 3x10-?M for GAg, 
GA:i, GA; and GA:, respectively. 
It was convincingly demonstrated 
that GA; was the most active and 
GA, was the least active of the 
four in inducing the germination, 
too. The activities of GA; and 
40 GAs ranked between those of GA, 
and GA:.. Though the difference 
in the activities of GA; and GA; 
was small, as seen in Fig. 3, GA; 
produced a little higher percentage 
of germination in all the repeated 
experiments. In the experiment 
in which Boysen Jensen’s culture 
Se 5 wr: 1a solution was used as the basal 
Ka Coney’ itl medium instead of 0.02M _ potas- 
Fig. 3. Effects of GA:, GA,, GAs and GA, on the SIU™ nitrate, corresponding re- 
germination of tobacco seeds in the dark. Germination sults were obtained. 
rates were determined 5 days after sowing. The medium 
contains 0.02 M potassium nitrate. Discussion and Conclusion 


GB. CONCN. (M) 


60 TOBACCO SEED G Ain, 


GERMINATION PERCENTAGE 


As seen above, different con- 


centration ranges of each gibberellin were required for the elongation of the second 
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leaf sheaths of rice seedlings, the expansion of leaf disks of radish and bean, and 
the germination of tobacco seeds, respectively. The leaf disks responded to lower 
concentrations of gibberellins, while the tobacco seeds required larger doses of gib- 
berellins than the rice seedlings. 

When attention is paid solely to the order of effectiveness of these four gibberel- 
lins, we find out that the order differs with the phenomena investigated here. GAj= 
GA;>GA.>GA; for the growth promotion of the second leaf sheaths of rice seed- 
lings, GA: >GA;>GAi>GAz) for the accerelation of the leaf expansion of radish and 
bean, and GA;>GA: > GA; > GA, for the induction of the dark germination of 
tobacco seeds were observed. The order of the effectiveness in the rice seedlings 
generally corresponded to the results obtained by Bukovac and Wittwer‘), Phinney 
and Neely®), and Sumiki®), except that no difference in activity between GA; and 
GA; was found. On the other hand, in the case of the leaf expansion and of the 
dark germination of tobacco seeds, the order of the effectiveness was quite different, 
especially in the fact that GA, was the most active. This is to be noted, since GAy 
had relatively little activity in promoting the elongation of rice seedlings®), the 
Ree elongation of bean, the stem elongation and the flowering of lettuce and 

ill‘). 
Though what causes such different effectiveness of GA; can not be mentioned 
from the present data, the particular characters of GA. for permeability and affinity 
to the probably existing active site in the cell and the special action mechanism for 
different physiological phenomena may be conceivable as the cause. 
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Summary 


Comparative effectiveness of gibberellins Ai, Az, As and Ax (GAi, GA, GAs 
and GA,) in promoting the elongation of rice seedlings, in accelerating the expansion 
of green radish leaf disks and of etiolated bean leaf disks, and in inducing the dark 
germination of tobacco seeds, was investigated. These four gibberellins were all 
active in every investigated phenomenon, but different in comparative activity. In 
the leaf expansion and the tobacco seed germination, unlike in the elongation of rice 
seedlings, GA, was especially active and new orders of effectiveness such as GA;> 
GA;>GAi>GA, or GA:SGA,>GA;>GA: were observed. It appears that gibberel- 
lins show different effectiveness with different physiological phenomena. 
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1. HPP CH CK FLO ALHEO HG O HRA. 
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Role of Nitrogenous Compounds in the 


Development of Gametophyte of Dryopteris erythrosora.* 


1959 42 3 9 23 HaeA 


VIRIORUEVATE RM, Srtedob MAIO laFab 
BACK SER Gants * HEINRRO SERA) Wt 
Sielt, MiCkLoC—-EoOwREM, PWS 2 
Yemty. Lal, A—-MORMUEMCEUKLA 
bHaMFRMe, BUX 5 7 BREA PE CHES 
%, FORLOKGABRLASL, wid OWMVA 
ROBO SHS. I, Unie, WE, Ke ETM 
CBE(CSPRRBO LL CEA ULBE IE, 
TUE Cie S ES EPIRA EDIT OT LTH < 
DbAbHTVS)). 

Bit, ~a=VP RAV CHALE AAO 
BBCO RE DMP L ES LRA. 

fi ATTBRIMEO AD, 1 FIMIK YO te SRR 
fl OR AA TER (—- KIC R, 
growth) 2+5—)B lid XO te BFA AIO BEAT 
HER OD MBTZ) FER (<u ICAE, Two-dimensional 
growth) ~Oiree Hic Mee Lk. COlnhe— 
Krk, Two-dimensional differentiation & k 
SOLS (Fig. 1 Cis CI Pb IAoiew. 

SX, bhdhiin=/ SAAKOLKIEME 
WAN DORA BWA fe 5 ESHA NSN 
Ibe PEC ARMACh S72), SSICRAD 
FAEVE ) RIB (RNA) OB (LICL AZbEODCHSH 
Lvs £34), 2G Lic. 

AMICK Cl, HE UCIRAUMERB LET 
Zz (N) (LAWMOHMBts LONMEMEI fie 5 
KKADT 2 7/RORM : AWBILe LOX, TCE 
WCULOIKT IMEC BRI SRADOKEHY, MAOK 
MOL» IBIELKI LRA. 


BHEAE 
A= 7 (Dryopteris erythrosora) #M EL 


* AWO—Wis, AAHI ARH 20 MARCA 
i - 1955) wWisus cM Lic. 

** Biological Institute, Faculty of Science, 
University of Nagoya, Nagoya, Japan. “47 Fe 
KFREREDFAR. 


One-dimensional 


CH te. HEF OFA? FOE OFE HB KFS, 
ABO b LICH, EXMESDTHELYY 
BRERABNSZCERHZOD TC, Fry Ab OF 
A, SUG EIC Lo CY 4 -VAOK 75% Off 


TADS —O FEA KR RT E45 TeM BEIT Re RAT 
#E Lic. 


BUM HEX LC, YUM AH Lite Knop x 
(KH.PO, 2.320g, NasHPO,-2H,0 2.994¢, Ca- 
(NOs)2 0.2 g, KCI 0.024. g, MgSO, 0.05 g, FeCl; 
trace, Z7&/#7k 1000 ml) #)/Hv.fe (Nagai5) yh x 
RUA m Hea ML LC Knop WA KWS LRU 
TWH). WAWATE NILE WOBEBLASBRK 
Vk, COPLUBLEWD Ca(NOs)o & AW did S N{E 
Swvemh le. HewWILT AA eI 10 HAS 
LICR Lee. 

ld FOF LOLOBROH RAT fE7e PH id 
4.0~7.0 DICH), Ldsh 5.1~5.6 Dike ii C 
HOCEMbMoK. CHUN= 7 FOMMADRM 
AT SLMO pH LAMMUCH oR. CMHMKEL 
C, BHR, 7 =A, 27, MB, RY Me hk 
FAL TARA, PRBRBLO ERI. HhOCO CI 
SES ERBRRMECK. KMICKARCORMILAB 
EGC C PH 5.3 HH LICH e AV re. SiGe 
IZHOEF (500~1000 Lux) 27°CAHY ~—v (&K 
# 12cm.) CHAR IC Lo CH irok. 

AUBROFEE IRE, (EE LARCILO SD 7 He 
HNCAd UCP UE D BLMEL Lire (Fig. 1): 
I fay, Tl 5 ANIC LEAK (HITHER), 
I AA OFeMMMTDS 7) Boh ze 90° [Al L, SFT 
FADE RIL UDELL YE, Tiebd, SKAIME 
Ro KERORUC 8~10 fila bte So. —K 
SE AAEVE HUME RIEAVE Chk, 7 Mild 7c SR AK 
OAH S. IV 10~20 #illaas5 we SKI 
AEWObO. EAR (Meristematic region) 
MEL TCievs.  V 40~50 AOI KAR, 
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Fig. 1. Schematic representation of seven 
developmental stages of Dryopteris ery- 
throsora. 

I: Spore, I’: Germination, II; One-dimen- 

sional growth (5-cell stage), III: Two-dimen- 

sional differentiation, IV: Two-dimensional 
growth, V: Two-dimensional growth (Dif- 

ferentiation of meristematic region), VI: 

Two-dimensional growth (nearly mature), 

VII: Matured gametophyte. 

DBEUMRVIIMEL TWH. VIDKTERMO KK EB 

bs. VIE PADS J AM RCTs DIR UW (Swe 

Fe), >— bIBACAOATE & REE. 

EVO 7 FFIEC OV CHA DT § J ROD HR FT 
fsote. Htktt Table 1 wa UTChHS (KBr Ste- 
ward et al.®) LIA} UCHS), JFRAMMBD OT & 
ABIX 80% =z 7 —nbhimen-—--—7azh 
FITCAMIAH Lic. RAMAOT & 7 Hrr 80 
Yor 2) — WH Bete ee GN HCl] Chr ak 4 f= 
KRIEA-A-FewrhFFTECHPLK. 
JEDI ITH AeA te Rieit, SaAZ— 
WB 7k (4:1:)1, 727 —-- 7k, nF HY. 
2) YYCHS. Bic, Dinitrofluorobenzene % jf 
vs, Isherwood and Cruickshank’) $21 Ly pio 
CT spectrophotometrically WEB ot. 


FCA PCDI KB BO INS & 5 CN OE 


eee pS 


Ha?) @FT7gUY7 3 7 PRE HER Lie. 
if R 
1 NROBS COMBA CHL, HMR 


BAB Ca(NOs)s SRV CHT SL, JEM 
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Table 1. Preparation of the samples for 
chromatographic analysis. 


A= 1 2 ACL (50 g) 
+80% = 2/7 —Wv eG 4a ml) 4h Hi 


5°C; 48~72 fal 
jaQy 2000 x g, 5 min. 


| 
i Ue We 
80% = X 7 — 7 (200~300 ml) 
2 a eee 


| | 


+ 2 Ye We 
5 Lae +6N HC1(50~100 ml) bk A 
jl | F=bhFvV=7 10 RYE 
seca aie sit pee hand 
NOE KR gpidj 
+ DROZ 
Bok +1N pes 6.304) 
(Ee aa | | 
mS WER Nogee 
Juzh7Fz7* (eee 
weTH 


JuwetkeFFT* 

* PeyAg No. 51. Phenol-water CiepAt SH 
Bik HS5AEH pH 9.000.1M Borate buffer 
WM SOSH Lic bOR HEA Le. 

KITER DBE K OA CIR IT MEIREB Fe. Fe 
7EL, FAVE (1200~1500 Lux) Lvs 5 KHICTS 
E PPR TER ITIHEL HMRTARMIEC S. Figd 
%, —AOREMETSREHWEUEEF, SFR 
WA TERM OD MAMLENEN-KEERETF SO 
CAF RORRALB RS S.-H, MKTERE 
LUWSLI CHS, MMABHMOD A Abyss 
TCHRKEERY LUCWS EDOORE VIET EW. 
7ets Prantl®) ( NO3 ROM Ssh Cr 2H Ac RDS 
[REEREFSCLMPRELTWS (KEL, 
AOR ek LTS). Chit, BEEK 


WO KL TRHOWA Ch oe O TILE DL Md 
HS. 
2. Nite@MezSARES 8 FEO AEEEN (EL 


Spek 13 PMOARN(LAWe NRE UCHR, 
ACTER, & (ICOM ICME Is LET BES L 
bt. SAAICOV TC, Hb RK CKIEMER IS 
CASPAR TC, MRMICMEICHS S AML 
DEX ORMAKO Mia Table 2 i —-thUT 
RF. COBSOMMILLHEHNA—yY + — VA 
FVYTCIOMIEIMER IT LE MADS 75% DE Ca 
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Table 2. Effects of some nitrogenous compounds on the two-dimensional differentiation 


of gametophyte. 


Nitrogen-compounds used 


Cell numbers of 
gametophyte at the 


Period from sowing 
to 2-dimensional 


differentiation beginning of 
Ka Rak Rent 88 90Y)9 in days 2-dimensional growth 
Standard: 1/5 Knop’s soln. Ca(NO3). 25 ih 
Control: N-free Knop’s soln. co co 
NHy-salts: NH4Cl, (NHg)sSOu, (NH4)2HPO,, 
(NHy,)-citrate i 14—24 5—10 
NO3-salts: NaNOs, KNO;, Ca(NO3)2 18—31 6—12 
Amino acids and amides: 
a) Glycine, Serine, Valine, Cystine 18—21 5—6 
b) Alanine, Leucine, Proline, Aspartic 
acid, Asparagine 2o—31 7—8 
c) Glutamic acid, Tryptophane 32—34 8—11 
ScLELE. NILAWORES 10mM, 1mM, “HAMibket, 7eez7trpb, DARABAOA 


0.5mM,0.1mM, 0.05 mM, 0.01 mM, 0.005 mM, 
0.00lmM ##H%EXL, MBILA OWA 100 
mM, 80mM, 60 mM, 50mM, 40 mM, 30 mM, 20 
mM CORE Air. 

T[REMERRORLC BCAVSAN MEET 
NHAC] AW CH ove. Ere, AMO Ai & UT 
Wk, FTAC=9 ATAMAPBRL DO AMCH), 73 
7 TEILZOWROK Dar b a>b>e O=FHKA 
GoASEv.o TEV» (Table 2). —fiz, EOL 
BMNh, BBE CLV AVAKHETCS ES EO 
FARE CAPER ascot (FEANE, FEEFEO 


Table 3. Amino acids and amides of non-protein frac- 
tion obtained from gametophytes at various 
developmental stages (cf. Fig. 1). (The values 
in the table indicate the amount of the sub- 
stances in micrograms obtained from every mg. 


of dry sample). 


a, A, SUBIKO AINSI we 7c L). 
FATNEAMD, =KICMEDOMoOH AI 
WKIETHLO}S, PAV KLOLSTTAL 
5. NHsCl (LR ARAM ERIKICT 3 (HAD d B. 
(NH4)2SO4 VE /(RIRBIC BV CIR TER eR 
ARBARTCEDRHS. 11.0mM © KNO; Ch* 
(KOZ AAT *NVIY L, AA ADE MR TG 
L170, SSI RTARICA 0 fc ACK MR 
Hwee Te BS. NaNO, tk 0.015mM LE CIR Ud 
CHIERROBE LIU< Me, tr LORE 
CULMYD CHM ERR bE SS. Ticsbb, TH 
PRERIC IES C(RIRBE CHEER L, RR 
LC HEHENI IIE ds7cV». Glycine, Pro- 
line, Glutamic acid, Tryptophane (x, 
EDRE CLR AKC S SBEODRE 
$c X24. Glutamic acid it, ZOU 


ee aciae Stages DVR AAA AU Ze MS < S3t DS PEARS 

[oer LY a VL mt 
Leucine O20— eUromruse “OrO- 1.0 > 1.0.2.0 3. BUBAAOT = /BRBODH 
Valine MG = OROe 40 6e ONG 2.0" -2.,0.eto.0 ‘ a j 4 
Serine ? ? ? 0.5 0.5 ? ? (i) VEMED 7 & BwLOo7~4 tae 
Alanine 04°04 0.4 0.4 06.3 0.3 0.3 10 fO72 /7MeL 2HO7 1 FOR 
Glycine 06 0.6 06 0:6 1.0 10 09 Hh, ALRABRO 7 RBicoct 
Cystine ? ? ? trace es se Ris HF semiquantitative 7c(H~MEb 
Methionine 0% (O56: “0x14 6038 50) . ; 

, z | TYE META IT 
ee ed) 0 2 0... 2,088.08 072 0.1 Fe (Table 2) fh Onm RICE RE he 
Asparagine 3.0 2.0 2.0 2.0 1.0 0.3 0.3 th&#S Proline, Hydroxyproline*, 
Glutamic acid} 2.0 2.2 2.1 2.5 3.0 0.3 0.3  }-Aminobutyric acid*, Phenylalanine 
Glutamine ROR AOE OnietsO0 3.00 5-20.60 do U Cysteine* (titi Siufemore. 
Tryptophane Ol0g OL0e 02024020 0.0 0:2 15.0 a! 

Total D5e Fe see eT) oe? ISP 13.1 32.0 * MAB BD 
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LEDOBILCAHE, BKUCALoONE (I~ 
TS) ad CHD ASML YD CES, 
Methionine, Asparagine, Glutamine Oj iC Lk 
By WICILABUMANLS L < TERS tS EH (VD) 
IC PLOW Ab tS (Hf Glutamic acid, Serine, 
Amides OWNED). >— bIBASSEMT S ic 
ATAILFE ICHAT 4. 

(ii) BAMA PbBRT i 7B 15 OT 
> / fig 4ffO#AMO Ninhydrine-positive spots 
we, AKO 5 RUD b fre (Table 4). TEM 
RWI EORL, ROD CH bc ROT 
FLED A Cea Ic FT — ARB NigwokD CRD 
bAWte. (LaL, Unknown-3,-4 ORO 
UICit, THEN 5 V5 W5 dy fe fl & FF 7). 
Phenylalanine & Alanylglycine (KY ORFHAICIs 
VC OHEL TW REV o TEU HR Ch B. 
Av tee Cit, Hydroxyproline, y-Aminobutyric 
acid, Is kU Cysteine (ipeHi Xhicdok. 
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Table 4. Amino acids composition of protein fraction 
obtained from gametophytes at various devel- 
(The values in 


opmental stages (cf. Fig. 1). 
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RNA (7 VAF FARMERS CL Db) OA 
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BMV7_LOCHS. 

WELT, —KTERMEMKCERMCEAO 
AAD, DOKI CANT SOIL I KITE 
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the table indicate the amounts of the sub- 


stances in micrograms obtained from every 


mg. of dry sample). 


7 BAORN, BHAA KIC MEM 
CAbKhK. TCOTLAMSPORAO 


: , Stages FAW BYER EATS 2b LAMA, Fie 
Amino acid 
I II I IV V VI Vi ARNT 2 SRF -—NVAKRWI OT 2 7B 
Leucine 3 23 12 12 2 AF ERMMLOMOBE CHS Sab L 
Valine trace trace trace trace 5 ith. 
Threonine 3 ? ? ? 0 . 
Serine 1 8 50 50 30 Bg raswmen AT UDA Db ie 7 = 7 Veg 
Alanine ? 10 150 (240 240 MOK IIMEORR CHW b OC 
Aas I 2 2 1G — wedKa<Pe Chi, cH 
ystine 12 12 12 — = 2,3,4 = fa S 
Nett haetiane xo 50 6k 1g DORM AIICKHT S BOL 
Aspartic acid| 10 30 24 30 30 X45. ECA, =KTMLOMEO 
Glutamic acid) 2 6 6 6 6 Aagt<cR I, I) oF —-2R4<¢ 
Arginine 12 15 120) 180) 150 ARFES}PCa> d MPREMITIEV& Zev IES 
Lysine 3 7 13 8 4 es 
Tyrosine 8 15 6 6 6 dS. Lady (ae -KREERMON, VO 
Proline 3 ? 4 ? 0 MRK <CRAL, Hic Leucine 2 
Unknown 1 10 12 30 845 45 Methionine A—wTALE (IVE) 
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a eee i 2 . i i ‘ AUK H4 2, Unknown spots-3,4 yt4 
Unknown 4 | 10 5 0 0 0 9 SHRUBS ee ttiL, =KIeH 
Total 100 — — 202 379 403309 (COM CHOM (7 3 7 ReMIR) 23 
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7e38, SKICIMELSOWRMEOe & EBIHEL 
TWHEMDHNAKAT 2 7 BEM OBE XLT, 
1) FWMEBMOS DATE FIC 2, 3 OWE ET & 
PIED RYT SOE iil) &, 2) AIVPL BO 
AO HRERDLT 2 7HBE LCO Arginine O48 pit ¥$ 
Kids, waSN RRO Tepe & Bee LCV» 4(Nucleoprotein 
LOM) OCRed, LVI CERHHLTIs 
Ka 

2, AAD N (EGMOeVcH N{Law 
RGR Lic Heh CRIM IL MbIh IT Bev. Ni{E 
EDREZOL, KEREOUABBVLEDS<O 
Rem LDWIACEMH TH, LbA<KIK 
SLMbLeR ROT. CEOXMDODE LAH, DMRICIME 
DISC ATEMITIZN(ER MAYA bKANE DOE 
NEATCEAMECHS. IAFREERE SDT 
N{LAMlIT—-KEEREG CMM LTC SZLBRE 
Swiicgw.. (Tikbb (-KTERICHA LEE | 
LW bNdONOFZO—WLId). 

EZKENELAWORMMITLO, ERA RBER 
LY, RUMEN T SHB ES ECHO 
fe. EHvd, (i) HAha>bR RAMAN D NILE 
Wournc#¥hp~t, & (ii) ADE NILAWORA 
KAA K-VYADEXC EMA, OMIT EL Sb 
FChHA 5. 

Hb ab ETMRIRAA YD, (IRD bRAKO SE 1 
fig (Basal cell) ~7%5, MAIC Fev I~ & N{t 
BUONIBDLCY< (Witt, DY LVR, THHthe5 
FR AIKMUINA ©). bhdHz 4 Kw AVY TLS 
RHLTA, PUD SMALE DKF AEC 
BIRSWSDs, MHL] | AA MI D BAS HK 
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WLOCKEDMEBok. BEE<, N(LAWoR 
ROBRCECOLIGCLEMDSAO CLEA 
5d. 

TAE=9DAEOH AEE DS, DMRICME 
LORD BROASA. EKA CBECIATSD 
{ER CASNSBE CE, TAL AMOI 
DIC{KVIRE CHM CHS. TOLL, FIVE 
DE MIE CO {idl 8 2 -— IT ASH 7 ADRK 
LOWS, EWS CE MOMHL 5 SCH] 5. 
Nagai) (h7 A= 7 ALEC BEF D & ACAI IE, 
DR, REL WOSA, CHINBEBATESKH 
CdS EMdor HS. TMM LD OMI 
TEX CRORE GEOtre D0, MAIR LB 
B70) REACWSB, Chit — ICM TH po 
Nftidt-s 2 — viet» ct NO;, NO, otc, 
{LAPBE ChS ck A bEMSH ID. 

7 i 7B EAB, =RITIMEIER ST BW 
RILSESECH ORAM, Thit LMOWS LAU 
<, Ti /SPoOPMCLIOCRNEBBCERDSL 
Ds, KIC MOICHA EAB AMAC ENSABRE 
PBRESEWICEMBZLSNS. CORKOWT 
Vk, AMOR C Deo Lik Ube. Ze 
qs, Sossountzov!) jk, Gymnogramme \is\»T 
Glycine (LIK TERK EC BORZEWEM, 
Leucine, Serine, Alanine ( Knop 7%k) bok 
TERI T SMRDEV ERUETWOS. bhbir 
DAA=VEDYRORREBRE 2 TAS & ABA 
DIRETMLOBER ZAT SE CHRD dS. 


AWEFEWC OVC, FBLA MERE PS fe a TE, 
TAREE ICRA 4. 
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1) Klebs, G., Sitzber. Heidel. Akad. Wiss., Math. Natur. KI. B, Teil I, H, II. (1917). 2) 
Hotta, Y. and Osawa, S., Expl. Cell Res. 15: 85 (1958). 3) SHIRE oS 23 IAA MFA 
Ké. (1958), 4) Hotta, Y., Osawa, S. and Sakaki, T., Develop. Biol. In press. 5) Nagai. 
I., Flora (Jena) 106: 281 (1914). 6) Steward, F, C., Wetmore, R. H., Thompson, J. F. 
and Nitch, J. P., Amer. J. Bot. 41: 123 (1954). 7) Isherwood, F.A. and Cruickshank, F. 
A., Nature 174 : 123 (1954). 8) Yagi, Y., Nucleic acids and Nucleoproteins, I: 132., ed, by 
Egami, et al.(1951). 9) Prantl, K., Bot. Zeit. 39: 753 (1881). 10) Sossountzov, I., Crois- 
sance, sexualité et dimensions des prothalles de Gymnogramme calomelanos en culture 
aseptique sur quelques milieux azotes mineraux. Théses. (La Faculté des Sciences de 1’Uni- 
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Summary 


1. Effect of nitrogenous compounds on the morphological differentiation of gametophyte 
of a fern, Dryopteris erythrosora, was investigated. Studies were carried out for the most 
part about the effects of nitrogenous compounds on “the two-dimensional differentiation” (con- 
version of the filamentous organization to the plate-like one). 

(i) In the nitrogen deficient culture the two-dimensional differentiation does not occur. 

(ii) NHy-salts are more effective than NO;-salts for the induction of the two-dimensional 
differentiation. NaNO; reveals many deleterious effects. 

(iii) Several amino acids, which were used in this experiment, are classified in the fol- 
lowing three groups according to their effects on the two-dimensional differentiation: a) those 
which induce the differentiation earlier than in the standard culture, b) later than in the 
standard, and c) the same as in the standard. 

2. Analyses of amino acids both in the alcohol soluble fraction and in residual fraction 
were carried out at various stages of the gametophyte differentiation. Ten amino acids and 
two amides were detected in the alcohol soluble fraction; some of them showed characteristic 
changes in their amounts corresponded to the development of the morphological differ- 
entiation. Twenty amino acids including 4 substances of unidentified nature were detected in 
the residual fraction; significance of the change in their amount is discussed in connection 
with the two-dimensional differentiation. 

3. The author’s view (1958) that the qualitative change of protein may be responsible 
for the induction of the two-dimensional differentiation, is also supported by the results of 
the present experiments. 
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BHO DEB LIE eA CII, VHAOEL dite, 
AAD Wp AUPE TRI A Le FE lt re ARE 1 
MUA De <, TN ChIP RRL HOO HHICO 
(6nd. AF RRR, ZOPRBO OR 
filD-b CXHD, TOK, BOPACA D> TYR 
DHEA, PRICILEO TH, SMe bre x tO< bh 
SLICES. MAFRHOPRILBOMEC, FT 
LUBRLA LA RNICThbNsS. 

HELE OPT MAS 1 BICHBVIE LS MO, f& 
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Bx, IRMA L OR SHO ZBL YO ho CWS. 
RAINCA SL, 1REBBOARAL EA TCHS 
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MEO, AIO Eich t AMO Pichia ice * 
Hitburs (Figs. 1, 2). EfcMhave PRT, 
D* EAPC AO ev MAH RE 7S. Hi, 
Pac ABR Le EACH Ae © PALIT EH LAD B 
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CERCA D> CBHL, CHORRROMICAD 
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Figs. 1-7. Development of sorus of Undaria undarioides (Yendo) Okamura. 


fications ca. x 850. 
Fig. 1. 


All magni- 


Section of lamina in sterile portion, showing one layered meristoderm. 


Fig. 2. Transverse division of the meristoderm into the lower cell and upper 


cell (future paraphysis). 


Fig. 3. Growth of the upper cell. 


Fig. 4. Projection 


of the lower cell between the adjacent young paraphyses, and nuclear division 


in the lower cell. Fig. 5. 
tophores towards the projection. 
to form the zoospore-mother-cell. 


EFA MOLRICL best, MAIR LT, 
EOBMIKS (SD, HEME AAS 7 KH 
KktkS. —OOMEFRMMMOC bHSL, F 
fie AVL FS OF Bl © EE FA Ae BO HAL, de < LU 
T-OO0 FitMde 2~3 Ope FM MITER 
SNS. TMLEMADRMLEAMHBKRTC, ZoOrp 
VUE 1 1K & RGD FRG EMTS. KOSH 
UIE LTWOSA, COMME CBEA 
CUTEVs. BARD FEUE MEY EI PA BZ CHL bi CVs 
4% (Fig. 7). 

2. 7%b 2% (Eckloniopsis radicosa (Kjell- 

man) Okamura) 


TYbFADMFRH, KORBORMOAM 


Migration of a nucleus with two or three chroma- 
Fig. 6. Transverse division of the lower cell 
Fig. 7. Further stage of development. 


bCeRSDS, KACEMICA A> THMANS. & 
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LICR AL WA CUOSRIE MAIS, MOS 
AAXIZLAEHATS £5 -OD BRAG E 
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LDR A4ELES S (Fig. 8). MPAMNCASE, 
OAC ATE Ese ARAKILM ASNT, fthO av 
FAMMCRENSZOLAUCK 5%, MELEE 
ORGAO BRAL ES (Fig. 9). COL 5 
ARI BEDS > te He AM, Ze < RL 
CT, PK, MAM AICERTS SIMO _E fe Aaa & 
Ato Pict &icalt ba (Fig. 10). _ fifa 
fab CMR < Fook de, Pilko nrb 
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SDE, Kikie MARC Lo CEMA SAMS ehh Ercr bes, FORM < 6 aH < Teo 
AC, CHOBE T A MMe eS (Figs. 1, 12, -Cu<. HEFAMIMERL, tovauen 


Figs. 8-15. Development of sorus of E'ckloniopsis radicosa (Kjellman) Okamura. All 
magnifications ca. x 850. 
Fig. 8. One layered meristoderm in sterile portion. Fig. 9. Meristoderm 


containing a nucleus and some chromatophores. Fig. 10. Transverse division 
of the meristoderm to form the lower cell and future paraphysis. Fig. 11. 
Growth of the paraphyses. Fig. 12. Projection of the lower cell between 
young paraphyses. Fig. 13. Transverse division of the lower celi to form 
the zoospore-mother-cell. Fig. 14. Separation of the cuticle from the para- 
physes. Fig. 15. Further stage of development. 
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}-. ~ODOMEFRMMAAE <7 Sk, FerAl 
(LEO WO VEEF Me OH L, 2< UC 
DO PALM2b, OOM eH Ma DBRS 
B. FMUCMAODABIIBERG, TORRE 1 
Bee, BORIC O HARE LO 
% (Fig. 15). 7v b7 AOE FT BILGE CME 
C, EVIE S$ OER TWSHMAODRABORITA 
DIA CWS. 

3. 2722 (Ecklonia cava Kjellman) 
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Figs. 16-22. Development of sorus of Ecklonia cava Kjellman. 


ca. x 850. 


Fig. 16. One layered meristoderm. Fig. 17. 
meristoderm to form the lower cell and future paraphysis. 


of the paraphyses. 
paraphyses. 
towards the projection, 
zoospore-mother-cell. 


All magnifications 


Transverse division of the 
Fig. 18. Growth 


Fig. 19. Projection of the lower cell between young 
Fig. 20. Migration of a nucleus with one or two chromatophores 
and transverse division of the lower cell to form the 
Figs. 21, 22. Further stages of development. 
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DIVE FAK CRBS NCW SD, FABLVEUEEF 2S 
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CHART ST LITE. 
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LACIE UAL 70, PRAM AU He IE 
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Summary 


The development of sorus of Undaria undarioides (Yendo) Okamura, Eckloniopsis radi- 
cosa (Kjellman) Okamura and Ecklonia cava Kjellman has been observed. In all of three 
species both the zoosporangia and paraphyses originate from the meristoderm of the blade. 
In Undaria undarioides and Ecklonia cava, the mode of the development of sorus is Lami- 
naria-type. In EHckloniopsis radicosa, the cuticle of the superficial cells is stripped on the 
way of sorus development. This fact seems to suggest that Eckloniopsis radicosa is identical 
in the mode of sorus development with Chorda filum. 


Dry-Matter Reproduction in Plants 1. 
Schemata of Dry-Matter Reproduction 


by Masami MonsiI* 


Received August 11, 1959 


Dry-matter production is the key function in ecological and sociological life of 
plants (Boysen Jensen‘), Monsi and Saeki?)), whether they grow singly or constitute 
a closed plant community. Hence, in the field of the modern social science of plant 
which originated from Boysen Jensen’s classical work, Die Stoffproduktion der Pflanzen, 
1932"), a number of workers in Denmark*-!), Japan? 4-7) and other countries’) 
have already made many studies and are securing some precise information on the 
dry-matter production in plants and plant communities. Recent works**-*4) on growth 
analysis of the English school should also be noticed here. Moreover, in the general 
ecology whose final subject is the ecosystem which can maintain itself only on the 
basis of the primary production by plants, the latter is no doubt the primaries to be 
studied*®: *°), 

The dry-matter production cannot be maintained without ‘‘reproduction’’ of matter. 
In order that the plant continues to develop, the matter produced by photosynthetic 
system in a production period must always be transformed into the production system 
or a part of it in the successive period. 

With regard to this problem, however, have been presented so far only three forms 
of balance sheets of annual dry-matter production by Boysen Jensen!*”*) (cf. also 
6-10,28) and a chart of distribution of product in Baker’s textbook*’), but no general 
schemata of dry-matter reproduction in plants. The balance sheet indicates statical 
features of the prodution, and it may hardly elucidate the dynamic aspect of develop- 
ment of plants and plant communities. The latter problem, which is also funda- 
mental to a true comprehension of social relationships between plants, should be clari- 
fied on the basis of the dry-matter reproduction. 

In this paper the author will present major types of schemata for dry-matter re- 
prodution systems and make a practical application of these schemata to a comparative 
study on the shade tolerance of Pinus and Picea‘). 


General features of dry-matter reproduction in plants 


The plant E (whether individual or community) can be divided into two main 
components?), photosynthetic system F' and non-photosynthetic C; the former generally 
performs its function in photosynthesis as well as in interception of light as leaf 
“‘area’’ F, and the latter, according to the subject, should be classified into stem 
Cz and roots Cw, and sometimes in addition branches and twigs Cz. In the produc- 
tion process, only the photosynthetic system works as the producer of surplus product. 
The quantity (F), photosynthetic rate a and respiration rate 7 of the photosynthetic 
system determine the gross production P,=F-a (after Boysen Jensen 1946%*)) and 
“ surplus’? production P;=F(a—r) in the plant. The relation of P, and Ps to the 
amount of F has been demonstrated in previous papers’ !") (see also 34,41,42), and 
the results are that the maximum production of a closed plant community with thick 
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foliage is mainly determined by impinging light intensity; in other words, with mutual 
shading of leaves, further increase of F beyond a certain amount brings about no 
increment of Ps, and the amount of F of the community is also fixed by the light 
intensity, as the leaves of the bottom of the community should sooner or later perish in 
the illumination below their compensation point. — There is an optimum amount of F 
for the Ps maximum in the plant community. Moreover, the productivity is determined 
by photosynthetic hours (deciduous or evergreen, day length, duration of stomatal open- 
ing — here water economy must be considered**)) and diurnal and annual temperature 
courses and by variation of photosynthetic rate with leaf age“ **) and nutrient 
salts*#647), The simple term F (a—r), therefore, really implicates very complicated 
functions. 

Out of P; a part must be spent for respiration R in the C, where R=C-rc, and 
the residue of P;—R is the net production P, of the plant. The P, corresponds to 
the matter to be used for formation of new tissues of photosynthetic 4F and of non- 
photosynthetic system 4C. These newly built tissues make a part of each system 
in the next production period together with the already existing system (cf. Iwaki” **)) 
and thus the ‘‘expanded’’ reproduction is assured. In the case of transformation 
from raw material into completed tissues, some loss in matter occurs because of shed- 
ding-off of e.g. bud scales, and of especially high respiration for growth. The ratio 
in dry weight of completed tissues to raw material is designated here as ‘‘ transforma- 
tion factor’’, which corresponds to Midorikawa’s ‘‘ economic ratio’’*®), The value 
was about 0.5-0.6 in the case of development of young plant from tuber in Aconitum”), 
potato®*) and Helianthus tuberosus*’). 

An individual plant develops in general from a seed S, and the seedling produces 
dry-matter under given conditions of its habitat. The plant or production system 
grows and matures with repeating its production of matter by photosynthesis and 
the transformation of the product into Fand C. After several production periods, flowers 
B appear and the fructification occurs. Thus the first generation started from one 
seed finishes in several or generally innumerable seeds (mS), and the second genera- 
tion will begin at a great number of young plants m’E, if the plant species is pos- 
sessed of Vitality 18) in the given environment. 


rier map, Lo smc a 
Say igs. 
AC ee ee mF 
B-7~mS-——-—> | 


Types of dry-matter reproduction 


As for representative life forms the features in reproduction above-mentioned should 
oe nee, oan in detail. The dry-matter reproduction actually proceeding in the 
; ¥ , is so intricate that the discussion must be limited only on abstracted 
undamental characteristics. The general schemata are summarized in Table 1. 

I. Hers systems. These are generally distinguished from tree systems by the 
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1. Annual herb system (therophytes after Raunkiaer**)). Characteristics of this 
system are seed formation in a shorter production period. The C as well as the F 
dies soon after finishing production process, leaving only seeds behind. Thus, the suc- 
cession of generation is annually perfomed through seeds. In this case multiplication 
of population occurs normally. Numbers of new seeds mS develop in the next year 
to a certain number of plants m’E. The number of the latter m’ is fairly smaller 
than that of the former m, as the seeds and seedlings suffer damages from fungi, 
insects, birds, rodents, etc. Nevertheless it is sufficiently large for rapid multiplication 
of plant individuals, and this can give rise to a prompt increase of production centres. 
Therefore, this system is the fittest as the initial vegetation with rapid expansion 
of matter production in plant succession on bare land. When the site area is large 
enough, the second year’s production is m’-times as large as the first year’s, and 
(m’)-multiplication should occur in the third year. In the vegetation of a limited 
area, however, this gives rise to overpopulation very shortly and the development of 
each constituent is restricted by intraspecific competition” °°-*?), As discussed already, | 
the optimum amount of F is definite in a plant community?"**4!42), the overpopulation 
thus will bring reduction in P, on account of the depression in a and relative increase 
in C*), Therefore, if the site area is limited, overpopulation eventually causes ‘‘reduced”’ 
reproduction and consequently the ruin of the community. Here occurs the plant 
succession or the change of reproduction systems. 

““Simple’’ reproduction will be maintained in this system under the condition of 
m'=1. The highest yield with an optimum population can continuously be secured 
by artificial control of sown seeds in number, i.e. by harvesting of (m—1) seeds from 
the field. This is the principle of cereal or crop cultivation. 

To conduct more detailed investigations into the successive growth of plants, the 
production and transformation processes should be studied in a proper, rather much 
shorter production term than one year which is usually adopted as one production 
period in case of discussion on natural vegetation and yield of field crops, etc. The 
production term should be here one month, or one week or sometimes even one day. 
In such a short production term, F and C remain even in annual plants without 
dying, 4F and 4C being successively accumulated to respective systems (cf. Iwaki?*) 
p. 133). In this case the schema for annuals becomes quite similar to that for the 
long-term vegetative growth of the permanent herb and tree systems without defolia- 
tion (cf. the following dicussion). 

2. Perennial herb system (cryptophytes and hemicryptophytes). This system is 
the same as the annual herb system in regard to the fact that not only F but also 
C is dried up after annual production. In this point these herb systems are opposed 
to the tree system whose C remains over a long period of time. Nevertheless there 
is a critical difference between annual and perennial herbs in the mode of continua- 
tion of dry-matter production in the successive years. The former make seeds for 
the next generation, while the latter continue their production mainly through tuber 
or rhizome G, although there can be recognized no substantial difference between 
these organs as to the function as latent organs which pass the hard season below 
or in the soil-surface. — For example, large, nutrient rich seeds of Castanea, 
Crinum and some legumes are ecologically almost the same as tubers, and on the 
contrary numberless small bulbs of Oxalis martiana are the same as ordinary seeds. 
It may, however, be generalized that in annuals the final result of production reveals 
itself in the population increase, but in perennials, in increment in size of each in- 
dividual. Therefore, in the initial phase of plant succession, perennial plants cannot 
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increase in general their matter production so rapidly as annuals do, because the pro- 
duction centres do not increase in the former as in the annuals that can propagate in 
the manner of geometric progression. After seveal years, however, the tuber, and 
hence the matured perennial plant can grow up in a quite large size with accumula- 
tion of assimilates, as observed e.g. in altherbosa by Midorikawa?*). By means of 
tall and vigorous growth on the cost of reserved matters the perennial plant even- 
tually defeats the annuals in interspecific competition, — concerning the importance 
of growth in height to interspecific competition, refer Boysen Jensen’), Iwaki**). Asa 
result of this the prennial plant community usualy succeeds in plant succession the 
pioneer community of annuals’). 

In a closed mature community, F and consequently Ps are almost constant as 
mentioned above. In this case, if C and thereby R are constant, also P,-R=Pa=G 
will be constant, because in this herb system the C/F ratio) can remain in a con- 
stant value year by year with the renewal of the whole production system. This 
means F,=F,=---=F, and C:=C:=-:-=Cz, and there is no contradiction in the re- 
petition of ‘‘simple’’ reproduction. In practice this is proved by high possibility of 
subclimax of herbosa constituted by geophytes and hemicryptophytes’* ”*). 

3. Permanent herb system (including some herbaceous phanerophytes). A few of 
herbs, such as Ophiopogon, Liriope, Aspidistra, Rhodea, have perennial evergreen 
leaves. In those herbs, also C remains in a long time without perishing. Consequently 
the P, can solely be distributed into 4F and 4C, without supplementing the dead 
parts of the production system. The increase and maintenance of F must be rapider 
and easier in this system than in the foregoing two systems, because of lacking in 
defoliation, provided that other conditions are the same. Therefore, this system is 
apparently favourable for production in case of small Ps, e.g. under deep shade of 
forest. However, if 4C/4F is large (in reality rather poor Ca is observed in the said 
species) and C increases continuously, the R also increases rapidly and endlessly, as 
ana W 29h Cc renee fresh and alive so far the plant grows. Accordingly, Ps—R=Pn 

S smaller and smaller with plant growth, because P; is constant in a closed 
plant community, and eventually the P, will turn zero and the plant should remain 
without growth, or, if the plant continues further to increase its non-photosynthetic 
ae a the plant must reduce the production with reduction of the photosynthetic 
Pheu Senele a hae apa herb system is avoidable to a great extent by 
SL yg ie pet ree rod tree in respiration by Cc with converting a part of living 
ye AS neeeneeiti esp sue ive tissue D, as noticed in tall and large trunk of the 
eect ystem is no more belonging to the herb system, but to a 
ptt EP So aRe Sts ip ala and phanerophytes). Besides the above discussed 
after production process, here bith Pedy fect - nance itselininton- Hotes 
Breathing ee ti peal anes d be added some specialities, e.g. the storage of 
praca na sotto et ‘ a time and the development of branches and 
this is excluded from the bite seer BY shedding off bi.Ga is.fainly largenh tr Sahay 
and the essential may not be pie of production schemata for the sake of simplicity, 
of assimilates is observed ey te vat ee et me apa ‘Bhs atarage 
perennial herbs. In the case i erb system, particularly in tubers or rhizomes of 
atcoucrate ees ee - ree systems, the Pp is stored in the C as the prep- 
and some part of the st elopment of the production system in the next year, 

storage will continuously remain there as mobilizable substance 
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Table 1. Schemata of dry-matter reproduction in plants. Explanations 

of the symbols are in the text. 
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5. Perennial-leaf tree system 
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M to complete the fructification and to supplement the production system when it is 
injured by any cause (cf. Midorikawa’’)). , , 

Two cardinal types are recognizable concerning the life duration of leaves. 

4. Annual-leaf tree system. As to longevity of leaves two categories, i.e. de- 
ciduous and evergreen, are so far usually distinguished. This classification, however, 
is not sufficient for the discussion of dry-matter reproduction, because some evergreen 
trees, mostly broad-leaved ones, shed all leaves just after unfolding of new leaves, 
moreover some, e.g. Cyclobalanopsis glauca in Tokyo, are even bare in a short period 
just before coming of new shoots. Leaves of most of broad-leaved evergreen trees fall 
after an annual production period. Therefore, the whole photosynthetic system of the 
next year should be prepared every year to continue the matter production. The difference 
between deciduous tree and such kind of evergreen tree is in the time length of matter 
production, especially in warmer climate. If it is severely cold, however, the matter 
production in evergreen trees in winter attains to a small, sometimes negligible, 
amount at most!*?1%.54). So in the region with cold winter, little difference between 
evergreen trees and deciduous ones can be recognized concerning the total amount 
of annual production. 

5. Perennial-leaf tree system. Many coniferous trees and some broad-leaved ever- 
green trees (and shrubs) have perennial leaves®). The photosynthetic activity of leaves 
of several years old was proved by Stalfelt®*), Hiramatu®’), and Kuroiwa®). In this 
production system the annual renewal of F occurs only partly, so the dry matter 
reproduction can continue at the expense of a small part of P, for the maintenance 
of F. This characteristic is much favourable for plant life in the same way as 
discussed in the case of the permanent herb system. When the matter production 
is inhibited by some environmental conditions, especially by weak illumination or 
cold temperature (alpine or subarctic), long-lived leaves become essential for survival 
of plants, as observed in a palm Zivistona subglobosa in deep shade of a subtropical 
rain-forest, where the mean duration of leaves of the suppressed palm reached 17 
years, while that of the dominant in full daylight was about three years®®). 

Moreover, also in these tree systems the endless growth in C will bring about, 
despite the conversion of L to D, the immense increase in R, because respiration of 
a certain, though very low, intensity continues in heart wood as measured by Méller®®) 
in beech and spruce. The R will eventually approach and exceed the total amount 
of Ps, as the latter is limited by F and impinging light intensity. This will cause 
the overmatured tree to cease its growth, together with the decrease of F which 
induces the ‘‘ reduced’? dry-matter reproduction. 


It should be emphasized here that, as these five types of reproduction systems are 
only an abstraction from complicated movements of matter in plant life, more com- 
prehensive investigations should be undertaken with combining these representative 
reproduction systems to discover the real movement of matter in the plant and 
plant community and to collect quantitative data especially concerning the interrela- 
tionships between leaf, stem and root in their functions and the relation of respira- 
tion to photosynthetic activity and to growth of the plant. In these investigations 
the dry-matter reproduction in a shorter term naturally comes to the front. The 
velocity and period of the reproduction and transformation of product — turn-over — 
are the highly important factors in dry-matter reproduction as a whole, and these 
are decided by physiological factors, such as respiration, photosynthesis, growth 
hormones, and by environmental factors, such as temperature, water**) and nutrient 
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salts’**°*"), Further analyses and syntheses not only at individual level but also at 
community level of these subjects are of real necessities more fundamentally to 
elucidate ecological and sociological problems. Some aspects as to the relationship 
between the growing velocity and turn-over of dry matter in the plant will be treat- 
ed in another paper of this series. 


An instance of application — Shade tolerance of Pinus and Picea 


It may be worth while to cite an instance of application of these reproduction 
systems to shade tolerance of Pinus silvestris and Picea excelsa, whose photosynthetic 
curves were determined by Stalfelt*®). These two species, pine and spruce, are gener- 
ally distinguished respectively as a typical sun- and a shade-tree. His experiments, 
however, have revealed that the compensation point in the pine shade-needle was 
1.4 per cent but that in the spruce one, 2.8 per cent, and the photosynthesis in the 
former was higher than that in the spruce over the whole range of illumination. The 
photosynthesis values in Table 2, which were used for the calculation of the dry- 
matter reproduction, were obtained from Stalfelt’s data*®) with the following assump- 
tions that photosynthetic hours were 12 hrs. x 180 days, the conversion factor 
between CO. and plant body was 0.65, and dry-matter percentage in both species, 
35 per cent. Respiration rates of 0.3 and 0.lmg. CO./g. fresh weight/hr. measured 
respectively in the pine and spruce needles corresponded to 1.8 and 1.2mg. dry-matter/mg. 
dry matter/ann.; 90 days in the vegetation periods being assumed of high temperatures 
and 90 days, of low temeperatures. Other characteristics in the table were decided 
by collating several concerned studies®!%5?8.9,83,40,56.61-63)| The survival rate (vz) of 
living tissue in C was assumed as 0.5 in both species. 


Table 2. Characteristics of Pinus silvestris and Picea excelsa used for the calculation 
of growth curves in Fig. 1 of the seedlings. Values are determined on the 
basis of the data of Stalfelt*®) and others. 


Dis Respiration 
Seed Seedling | Trans- - . |Longevity | Survival 
dry dry formation ye | of rate Leaves Were 
weight weight factor AC] 4F leaves VI (mg. dry wt./mg. 
Al } dry wt./ann.) 
Pinus silvestris | 6.67mg. | 4.00mg. 0.6 0.5/0.5 2 yrs. 0.5 1.8 1.0 
Picea excelsa 6.67mg. | 4.00mg. | 0.6 0.6/0.4 5 yrs. 0.5 ik 0.3 
Photosynthesis of leaves” Physi ; 
Physiol al 
(mg. dry wt./mg. dry wt./ann.) be Bs a ie iat Sa der 
: es oe ee a ae oe point of 
Rel. light 100% 20% 15% 1306 126 112 10% 9% 86 7% 696 526 | shade-leaves 
intensity Z awl ken : ede: Toe 
Pinus silvestris | 11.6% 6.2 5.3 4.8 4.6 4.4 4.1 3.9 3.6 3.3 3.0 2.7 1.496 
Picea excelsa GLO vRON Ges Sess. 1229) 2 a4 ota 2.0 de Le 2.8% 


1) The values marked with sign * are determined for the sun-leaves, and the others, for the 


shade-leaves. 


The repeated calculation by substituting these values into a reproduction schema 
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(the perennial-leaf tree type) gives rise to a growth curve of each tree species under a 
given light condition. Naturally the stronger the illumination, the faster is the growth 
of both species, and in a certain weak illumination the young tree will be killed by 
means of the deficiency of matter production (Fig. 1), or more directly by reduction of 
the photosynthetic system (Fig. 2). In Pinus silvestris the survival of the seedling 
can be ensured at or above a light intensity of 12 per cent, but the seedling of Picea 
excelsa can continuously grow even at a light intensity of 9 per cent, despite that 
the latter possesses rather disadvantageous characters for shade tolerance, i.e. higher 
C/F ratio, lower photosynthetic capacity and higher compensation point. These results 
indicate clearly that the shade tolerance is not merely decided by the photosynthetic 
characters of leaves, but also largely by the longevity of leaves (2 years in Pinus, 
5 years in Picea) and the respiration rate in non-photosynthetic system. When 
F(a—r)=L-ri, no net production occurs. The amount of F of a plant is mainly decided 
by the amount and distribution ratio of dry-matter produced by photosynthesis and 


Fig. 1. Fig. 2. 

Fig. 1. Growth curves in dry weight of Pinus silvestris (thick lines) and Picea 
excelsa (thin lines) at various light intensities, calculated from the data of Stalfelt*o) 
and others (see the text and Table 2). Solid lines: growing seedlings. Broken 
lines: dying seedlings. Numerals at the curves indicate relative light intensities. 

Fig. 2. Growth in dry weight of the photosynthetic system of Pinus silves- 
tris (thick lines) and Picea excelsa (thin lines), whose growth curves in total dry 
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the longevity of leaves; for shade tolerance a relative increase in leaf area against 
the plant weight under low light condition is also one of the cardinal factors in broad- 
leaved plants*”), The turn-over can hardly play any important role in the shade tol- 
erance because of low productivity of leaves under the condition concerned. Above 
a light intensity of 20 per cent the pine can grow faster than the spruce, and the 


growth of both seedlings continues almost exponentially in a strong illumination 
(see Fig. 1). 


Summary 


1. For elucidation of phytoecologial and -sociological problems the key function 
is the dry-matter production in plants or plant communities, which is maintained only 
through the dry-matter reproduction. The essential processes in the latter are matter 
production by photosynthetic system and transformation of the product into new pro- 
duction system. The increase of photosynthetic system is the indispensable factor 
for expanded reproduction in the vigorously developing plant. 

2. The characteristics of reproduction systems are discussed mainly in relation to 
longevity of leaves, formation of seeds or tubers, enlargement of non-photosynthetic 
system. Accordingly five schemata were presented for typical dry-matter reproduc- 
tion systems, i.e. annual herb, perennial herb, permanent herb, annual-leaf tree and 
perennial-leaf tree systems (cf. Table 1). 


3. The shade tolerance of Pinus silvestris and Picea excelsa was elucidated in the 
light of dry-matter reproduction, on the basis of the data of Stalfelt and others. It 
was clearly demonstrated thereby that the longevity of leaves and the low respiration 
in non-photosynthetic system are cardinal factors for shade tolerance, besides the 
characters of leaves in photosynthesis. 
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It has been known that the light intensity following, as well as preceding, an in- 
ductive dark period has a pronounced effect on initiation and development of inflores- 
cences in Xanthium pennsylvanicum, and that the flowering response is increased by 
high-intensity light'). Recently it has been reported by Carr that the depressing effect 
of the absence of high-intensity light following a dark period in Xanthium may be 
completely overcome by supplying sucrose to the leaf?). Furthermore, it is well 
known in Xanthium that a brief light period interpolated between an inductive dark 
period and a further period of darkness is inhibitory to flowering, the degree of in- 
hibition depending on the length of the second dark period’*). 

Thus, the intensity of the illumination following an inductive dark period has an 
important effect on photoperiodic induction of flowering in a short-day plant. 

The present investigation was performed to examine the effect of intensity and 
quality of light in the illumination period following an inductive dark period on 
flower initiation of Pharbitis seedlings. 

As has been reported previously*’), illumination of far-red light preceding the in- 
ductive dark period inhibits flower initiation of Pharbitis strongly, and the flower 
inhibitory effect of low intensity light irradiation preceding an inductive dark period 
is obvious only when far-red light is included in it. Therefore, the effects on flower 
initiation of strong far-red light and low intensity light with or without far-red light 
given following an inductive dark period were investigated. 


Material and Methods 


The material and the procedure of experimentation were similar to those described 
in a previous paper‘). 

Red light (600-700 mv) was secured from a pink fluorescent lamp filtered with 2 
layers of red cellophane and far-red light (700-1000 my) from an incandescent lamp 
filtered with 5cm. water, 2 layers of red and 2 layers of blue cellophane. 


Experimental Results 


Experiment 1. As had been reported in previous papers**), illumination of far- 
red light of 60 kiloerg/cm.?/sec. strongly inhibits flower initiation when it precedes 
an inductive dark period. In this experiment the effect of far-red light illumination 
following an inductive dark period was investigated. 

The plants were placed 16 or 12 hours in darkness and subsequently exposed to 
far-red light of 60 kiloerg/cm.?/sec. (FR) for various periods ranging from 30 minutes to 
8 hours, and thereafter transferred to continuous illumination of natural daylight sup- 


plemented with incandescent light at night. , 
The flowering responses of the plants are shown in Table 1. Far-red light illumina- 


* absiatery of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
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Table 1. Effect of far-red light illumination following 16- and 12-hour dark periods 
on the flower initiation of Pharbitis seedlings. 
Intensity of far-red light (FR): 60 kiloerg/cm.?/sec. 
(Treated on May 13 and dissected on May 27, 1958) 


No. of 708 
i lants with 
No. of plants % of plants flower Buds p hb 
Treatment dissected with flower buds per plant Piette 
16hd 40 100 4.1 95.0 
16bd— 30’FR 39 100 Sma 79.5 
 —y» 2hFR 39 100 Sea 77.0 
“ — 4bFR 38 100 See 553 
" — 8bFR 39 100 <I 56.5 
12hd 40 Zee 0.0 0 
12hd— 30’FR 39 0 0 0 
" — 2bFR 39 15.8 0.2 0 
" —> 4bFR 38 10.5 0.1 0 
” — 8bFR 40 25.0 0.3 0 


166d: 16-hour dark period. 
16hd—30/FR: 16-hour dark period followed by far-red light illumination of 30 minutes. 
These abbreviations will be used hereafter. 


tion following a 16- or 12-hour dark period has a little influence upon the flower ini- 
tiation. 

The far-red light illumination following 16 hours of darkness appeared to inhibit 
flower initiation slightly, but following a 12-hour darkness it promoted flower initia- 
tion to some extent. In several repetitions of the same experiments, similar results 
were obtained and the effect of far-red light is slight in all cases. 

Experiment 2. Daylight fluorescent light of 10 lux (FL) including little far-red 
light inhibits flower initiation only a little when followed by an inductive darkness of 
sufficient duration (16 hours), but promotes it strikingly when followed by darkness 
of 12 hours or less**), 


In the present experiment, the effect of FL illumination following a 16- or 12-hour 
dark period was investigated. 

Plants were exposed to the daylight fluorescent light of 10 lux for various hours 
following 16- and 12-hour dark periods, respectively. Control plants were exposed 
to high-intensity light following the 16- or 12-hour darkness. As another control, two 
lots of plants were exposed to the daylight fluorescent light of 10 lux for 24 and 48 
hours without any dark period. Results are shown in Table 2. 

All lots which were subjected to a 16-hour dark period followed by various dura- 
tions of FL were induced to flower as much as the control plants with which the 
dark period has followed by high intensity light. On the other hand, the FL illumina- 
tion following a 12-hour dark period promoted flower initiation considerably. The 
flower promoting effect of this FL increased with increasing duration. Control plants 
which were exposed to the FL for 24 and 48 hours initiated no flower bud. Thus, 
low intensity light illumination following an inductive dark period does not inhibit 


flower initiation in Pharbitis seedlings, but promotes it when preceded by 12-hour 
darkness. 
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Table 2. Effect of the illumination of daylight fluorescent light of 10 lux following 16- and 
12-hour dark periods on flower initiation of Pharbitis seedlings. 
(Treated on June 7-9, dissected on June 23, 1958) 


oe % of 
Treatment nee plants son flower ee — P ene elie 
dissected buds per plant Howek B60 
16hd | 42 100 4.3 97.7 
166bd— 4bFL 37 100 4.6 100 
n —>» 6bFL 39 94.9 4.3 0253 
uw — 8bFL 40 100 4.6 95.0 
WW — 12bFL 36 100 Ane 94.6 
” —» 18bFL 36 100 4.3 100 
uw — 24bFL 37 100 4.5 100 
” — 30bFL 34 100 4.8 100 
MW — 366FL 39 100 4.5 100 
uy —> 42bBFL 35 100 4.6 100 
W — 48bFL 29 100 4.3 86.2 
12hd 38 94.8 neh 0 
12hd— 2hFL 38 100 Soll 1) 
uw —> 4bFL 38 100 3e7 132 
” —> 6bFL 38 100 4.0 36.8 
uw — 8bFL 37 100 aed 27.0 
W —> 12bEFL 38 100 3.4 26.3 
” —> 18bFL 38 100 2.8 10.5 
u” —> 24bFL 39 100 ond 35.9 
1 —> 30bFL 32 100 3.0 43.8 
WW —> 36bFL 37 100 SING) byt il 
nW —> 42bFL ay 100 Ar 62.5 
nu —> A8bFL of 100 4.2 59.5 
24bFL 38 0 0 0 
48bFL 39 (0) 0 0 


FL: Daylight fluorescent light of 10 lux. 


Assuming that the last process of the inductive dark period can proceed under 
FL to some extent, the results can be interpreted plausibly. That is: a 16-hour dark 
period induces maximum flowering response and further lengthening of the dark 
period does not increase flowering response; therefore, even if the last process of the 
inductive dark period proceeds under FL following 16-hour darkness, flowering re- 
sponse is not promoted. On the other hand, a 12-hour dark period can not induce 
maximum flowering response and further lengthening of the dark period increases 
flowering response remarkably; therefore, if the last process of the inductive dark 
period proceeds under FL following 12-hour darkness, flowering response is promoted. 

Experiment 3. An experiment similar to the second one was carried out but the 
far-red light of 120 erg/cm.?/sec. was mixed with FL (FL+FR). As shown in Table 3, 
when the low-intensity light following an inductive dark period contains far-red light, 
flower initiation of Pharbitis seedling is scarcely influenced when the dark period is 
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Table 3. Effect of FL+FR illumination following 16- and 12-hour dark periods 
on flower initiation of Pharbitis seedlings. 
FL+FR: Daylight fluorescent light of 10 lux mixed with far-red light 


of 120 erg/cm.?/sec. 
(Treated on July 3-4 and dissected on July 16, 1958) 


% of 2 of 
Treatment Piet he een ee buds on ea 
dissected buds per plant flower bud 
16bd 39 100 4.3 97.5 
16hd—> 4b(FL+FR) 39 100 4.4 92.3 
” > 8b(FL+FR) 38 100 4.2 92:1 
 —>12h(FL+FR) 34 100 4.3 91.2 
” —>18b(FL+-FR) 36 100 4.3 94.5 
 ->24b(FL+FR) 35 100 4.3 91.4 
” —»306(FL+-FR) 37 100 4.4 94.7 
” —365(FL+FR) 31 100 4.6 96.8 
n —48b(FL+FR) 34 100 4.6 88.3 
12hd 40 90.0 IR 0 
12°d> 4b(FL+FR) 38 100 1.6 0 
” — 8bh(FL+FR) 38 100 17 2.6 
n —>12h(FL+FR) 38 94.8 1.5 0 
” —>18b(FL+FR) 39 89.9 1.3 0 
 —>24b(FL-+FR) 37 89.2 1.4 0 
” —>306(FL+-FR) 40 95.0 1.8 2.5 
” —>36b(FL+-FR) 36 97.0 19 5.6 
nu —48b(FL+FR) 34 100 1.8 0 
24b(FL+FR) 40 0 0 0 
48h(FL+FR) 41 0 0 (0) 


16 hours, but it appears to be promoted slightly when the dark period is 12 hours. 
Control plants which were subjected to such light for 24 and 48 hours did not initiate 
any flower bud. 

FL illumination following a 12-hour dark period promotes flower initiation more 
obviously than FL+FR. The last process of the inductive dark period can be assumed 
to be largely prevented by the far-red light. 

Experiment 4. Plants were placed in darkness for 16 or 12 hours, at the end of 
which they were irradiated for 5 minutes with red light of 3000 erg/cm.?/sec. and 
immediately thereafter subjected to various hours for a second dark period. The 
flowering responses of these plants are shown in Table 4. The second dark period 
following 16 hours of darkness exerts no influence on flower initiation, but that fol- 
lowing 12 hours of darkness promotes flowering response remarkably. The flower 
inhibitory effect of the second dark period which is obtained in Xanthium*) is not 
observed in Pharbitis seedlings. The last process of the inductive dark period is pre- 
sumably stable to the brief red light. 

Experiment 5. Plants were given a 16-hour period consisting of two parts, a 
certain number of hours in the dark followed by a light period of FL or F L-+ER. 
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Table 4. Effect of a second dark period of 2-8 hours given following a 16- 
or 12-hour dark periods and 5 minutes of red light. 

Intensity of red light: 3000 erg/cm.2/sec. 

(Treated on April 22, and dissected on May 13, 1958) 


% of 
Treatment inte P lants mike da 
dissected i per plant 

16bd | 38 100 5.0 
16hd—- 5’/R-> 2bhd_ | 37 100 5.0 
Paste c> Abd | 40 100 5.1 
4 > mw -» Shd 35 100 530 
24bd 39 100 Dee 
12bd 38 100 al 
12bd> 5/R> 2bd 40 100 4.3 
> a => And 40 97.5 4.6 
La 7 => Shd 39 100 4.8 
20bd 40 100 4.9 


% of 
plants with 
terminal 
flower bud 


100 
100 
100 


Table 5. Flowering response of Pharbitis seedlings which were subjected to 
a 16-hour period consisting of various hours of darkness and followed 
by FL or FL+FR. 

FL: Daylight fluoresceut light of 10 lux. 
FL+FR: Daylight fluorescent light of 10 lux mixed with far-red light 


of 120 erg/cm.?/sec. 


% of % of 
Group Treatment fpineets sid mA DASH roe Sets Pp poet h 
dissected Beds per plant Hower bud 
16bd 37 100 4.1 100 
14bhd — 2bFL 40 100 4.1 97.5 
12bd — 4bFL 39 100 3.4 17.9 
10bhd — 6FL 39 12.8 0.2 0 
it 8hd —> 8bFL 38 2.6 0.0 0 
14hd 41 100 4.3 100 
12hd 39 84.6 2ek 5a 
104d 40 0 0 0 
8hd 41 0 0 0 
164d 38 100 4.8 100 
14bd—2h(FL +FR) 38 100 4.9 97.4 
12bd—4h(FL+FR) 40 100 We 20 
10bd>64(FL+FR) 39 Thal 0.1 0 
I" | gnd->8h(FL+-FR) 38 0 0 0 
14bd oo 100 4.3 76.9 
12hd 39 87.2 0.9 0 
102d 39 0 0 0 
8hd 39 0 0 0 


* Treated on May 22 and dissected on June 6, 1958. 
**k Treated on May 23 and dissected on June 7, 1958. 
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The first group of plants was subjected to 16-, 14-, 12-, 10- and 8-hour darkness fol- 
lowed by 0-, 2-, 4-, 6- and 8-hour FL, respectively. The second group was treated in 
the same way as the first group but far-red light of 120 erg/cm.?/sec. was mixed with 
FL (FL+FR). Control plants for both groups were placed in darkness for 14, 12, 10 
and 8 hours and then in high-intensity light. Results are shown in Table 5. 

In the first group, the plants placed in darkness for 16 hours and those given 14 
hours of darkness followed by high-intensity light or 2-hour FL, were induced to flower 
to the same extent. But with the further decrease of the dark period, accompanied 
by an increasing duration of the FL, flowering response is reduced gradually, and 
only one out of 38 plants which were placed in darkness for 8 hours followed by 8- 
hour FL illumination initiated a flower primordium. 

Comparing the flowering responses of the plants subjected to 12~8 hours of dark- 
ness followed by 4- to 8-hour FL illumination, and those in darkness for the same 
length of time but followed by high-intensity light illumination, the former initiated 
slightly more flower buds than the latter. 

From these results it appears that the flower-inducing process taking place in 
the last 6~8 hours of the 16-hour dark period proceeds slightly under FL. 

In the second group, similar results were obtained, but the last process of the 
inductive dark period appears to be inhibited more strongly by FL+FR than by FL, 
but less than by high-intensity light. 


Discussion 


Low-intensity light illumination following an inductive dark period of 16 hours 
does not inhibit the flowering response of Pharbitis seedlings whether far-red light 
is included or not. Furthermore, a second dark period which is given following 16 
hours of darkness and 5 minute illumination with red light (3000 erg/cm.?/sec.) does 
not inhibit flowering response. 

These phenomena observed with Pharbitis seedlings offer opposition to the results 
obtained with Xanthium'*), in which the flowering response was reduced strikingly 
by low-intensity light or a second dark period following an inductive dark period. 

From the results of experiments 2 and 5, it appears that the last phase of the 16- 
hour dark period proceeds to some extent under daylight fluorescent light of 10 lux 
(FL) but that the first phase of the inductive dark period proceeds more readily 
under FL®®”), 

As had been reported previously, the first process appears to proceed easily under 
far-red light®®"), but the present experiment shows that the last process is inhibited 
considerably by far-red light. 

From the present and the previous experiments'>®78), it is concluded that the 


inductive dark process is relatively stable to light during the first but less stable 
during the last phase. 


Summary 


1) Far-red light or low-intensity light illumination following an inductive dark 
period of 16 hours has no significant influence upon flower initiation of Pharbitis 
seedlings. 

2) Illumination with low-intensity light containing little far-red radiation pro- 


motes flowering response to some extent if it follows a dark period of 8~12 hours, 
but far-red light illumination does not. 
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3) The flower-promoting effect of low-intensity light illumination following a 
dark period of 12 hours or less decreases considerably if the far-red light of low 
intensity is mixed with it. 

4) A second dark period separated from an inductive dark period by a brief ex- 
posure to red light does not inhibit flowering response when the first dark period is 
16 hours, and promotes flowering strikingly when the first period is 12 hours. 

5) The last phase of the inductive dark period appears to be relatively light 
stable, but less stable than the first phase. 
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On the Ascorbic Acid in the Plumule of Indian Lotus Seed 


by Kiyonobu ToyopA* 


Recewed August 28, 1959 


The writer has been studying about the properties of the fruit or seed of Indian 
lotus plant and already reported that unripe seed could germinate’), the components 
of gas contained in the cavity of the fruit did not change for ages”), and chlorophyll 
a and b were detected in the green portion of the plumule’). 

This report deals with a reducing substance which is contained in the plumule and 
seems to consist of ascorbic acid for the most part. The writer is of the opinion that 
the ascorbic acid in the seed has something to do with a long longevity of Indian 
lotus seed, and intends to present the results of the ascorbic acid measurements in 
some angiospermous seeds. 


Materials and Method 


Under various conditions, fruits of Indian lotus plant (Nelumbo nucifera Gaertn.) 
were investigated. Also the seeds of some species of Citrus, Fortunella, Pisum and 
Glycine were employed. The details of materials used in this study are shown in 
Table 1. 


Table 1. Materials 


Species Part 
Nelumbo nucifera Gaertn. Plumule, cotyledon, seedling, and leaf 
Citrus sinensis Osbeck Green embryo 
C. depressa Hayata 4 
C. Kinokuni Hort. ex Tanaka Ld 
C. Oto Hort. ex Y. Tanaka ” 
Fortunella margarita Swingle bd 
Cucurbita moschata Duch. Green tissue of inner part of the seed 
C. maxima Duch. y 
Pisum sativum L. Green cotyledon 
Glycine Maa Merrill | " 
Citrus Natsudaidai Hayata White cotyledon 
Pisum sativum L. ” 
Glycine Max Merrill ” 


an ascorbic acid should be examined by both methods. The writer used mostly 
t é indophenol method described by Fujita®°), According to this method, the following 
substances are estimated besides ascorbic acid: Ferrous salt, sulphite, SH compound 
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be ascorbic acid for the most part. Every test employed in the present study was 
repeated from two to ten times and the average was taken. These experiments 
were carried out from December, 1958 to April, 1959. 


Experimental Results 
The amount of ascorbic acid (reduced form) and dehydroascorbic acid (oxidized 
form) found in the plumules and cotyledons of Nelumbo seeds are given in Table 2. 


Table 2. The contents of ascorbic acid in the plumule and cotyledons of 
Nelumbo seeds (mg. %). 


Reduced Oxidized 


Plants form tot Total 

1. Plumule of a fruit 3 months after the 

maturation at a lotus field of Kamakura. 26.2 ZLOES 238.5 
2. Plumule of the same fruit 15 months after 

the maturation. 25.6 207.9 Zon 
3. Plumule of the same fruit preserved in a 

bottle covered with water and mud for 15 months. 29.0 212.6 241.6 
4. Plumule of a fruit, taken out of mud of a 

lotus field at Fujisawa. The fruit was presumably 29.1 ee 243.2 

more than several years. 
5. Plumule of a fruit, taken from a receptacle 

found at Akanuma pond in Niigata Pref. in 1954. Peal 214.5 238.6 
6. Cotyledon of the fruit. 9.8 43.7 53.5 


The change of ascorbic acid content with temperature is shown in Table 3. The 
fruits were put at 0°, 25°, or 50°, and ascorbic acid of the plumules was examined. 


Table 3. The content of ascorbic acid in the plumule of the fruit of Nelwmbo 
under the various temperatures (mg. %). 


Temperature Days Reduced form Oxidized form Total 
0° 7 25.8 208.4 234.2 

Y 14 23.6 209.7 233h3 

y 21 2285 207.1 229.6 

Zoo 7 26.3 214.9 241.2 

y 14 26.7 215.3 242.0 

y 21 27.8 213.8 241.6 

Oe id Paha 214.0 ZAI 

y 14 29.0 PAPAL) 241.5 

y 21 30.8 | 214.4 245.2 


The Nelumbo fruit was cut off at the base of the fruit-coat and soaked in water, 
and allowed to stand in the light (in the room) as well as in the dark. The contents 
of ascorbic acid in these seedlings are given in Table 4. After 5 days soaking in 
water, the seedlings sprouted 2-8mm. in length and they obtained an average weight 
of 161mg., i.e. about 5.5 times of that of the plumules 29.5 mg. After 10 days 
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soaking in water, the seedlings were 6-9cm. long and 344mg. in average weight: 
they were about 11.7 times of the plumule on a fresh weight basis. The average dry 
weight of these seedlings was about 40 mg. as compared with 26.6 mg. of the plumules. 


Table 4. The content of ascorbic acid in the seedling and in the normal leaf (mg. %). 


Reduced 


Braye of soaking Oxidized 
Plants in water form form | Total 
Seedlings in the light 

(in the room) 5 Lies 37.8 49.1 
Seedlings in the dark ” OFT 35.0 44.1 
Seedlings in the light 10 VA fa | 4.4 S125 
Seedling in the dark 7] iets) 3h) 14.8 

Normal leaf (planted in the Gempei pond at 
Kamakura) 226.5 De 248.8 


The ascorbic acid contents in green embryos of some rutaceous plants and in 
the green tissues of some cucurbitaceous seeds are also examined, and the results 
are given in Tables 5 and 6. 


Table 5. The contents of ascorbic acid in the embryos of some rutaceous plants (mg. %). 


: | Color of Reduced Oxides 
Species cotyledon form form Tot 
Fortunella margarita (fresh) Green 19.2 38.0 Dies 
* (1 month after being 
taken from the fruit) ” 8.1 45.3 53.4 
Citrus Kinokuni (do., 1 month) ” 11.1 31.9 43.0 
C. sinensis (do., 3 months) ” (PAP Seal 44.3 
C. depressa (do., 5 months) ” 9.6 Bo26 45.2 
C. Oto (do., 7 months) ” (hall 29.0 SO 
C. Natsudaidai (fresh) White 6.2 25.6 31.8 
Table 6. The contents of ascorbic acid in the green tissues of some 
cucurbitaceous seeds (mg. %). 
: Red idi 
Species ga eee 
Cucurbita moschata (fresh, the green tissue 
retained about 90% moisture) 10.2 10.1 20.3 
C, maxima (5 months after being taken from 
the fruit, retained 10% moisture) hae: 19.0 26.5 


Furthermore the seeds of soy bean and pea, green as well as white, were measured 
in aseorbic acid content. The results are shown in Table 7. 
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Table 7. The contents of ascorbic acid in the cotyledons of leguminous plants (mg. %). 


a 


| 
; Color of Reduced Oxidized 

Species | cotyledon form form Total 
Pisum sativum (fresh) Green i e74 36.4 yh 
" (after 10 months) " add 34.8 43.5 

Glycine Maz (1 month being taken from the 
fruit) 7] ieee) 41.9 55.1 
Wl (after 5 months) Yellowish white 8.5 14.6 19d 
Pisum sativum (fresh) White 15.1 23.6 38.7 
" (after 10 months) ” 8.3 26.3 34.6 

Discussion 


All reducing substances in plant tissues are not necessarily ascorbic acid, but 
those in green tissues are to be regarded as ascorbic acid. Fujita et al.’) reported 
that reducing value represents the true value of ascorbic acid estimated by the enzyme 
method in the leaves having chlorophylls such as soft greens (Brassica Rapa var. 
lacinifolia) and turnip (Brassica Rapa var. glabra). Even in seeds having no chlo- 
rophylls such as French beans (Phaseolus vulgaris) and Indian corn (Zea Mays), total 
reducing value coincides also with the true value of ascorbic acid. Only in wheat and 
chestnut, all reducing substances were not ascorbic acid. 

In the green plumule of Nelumbo seed, the reducing substances detected by the 
indophenol method were considered to be ascorbic acid for the most part, judging from 
the results mentioned above. A little ascorbic acid and much of dehydroascorbic 
acid were found in the plumule of Nelumbo seed. In old fruits, the amount of ascor- 
bic acid remained almost unchanged, and it was smaller in the fruits placed in the air 
than in those placed in water as well as taken from the mud of lotus field. 

The ascorbic acid was slightly affected by temperature, and increased at 25° and 
50° and decreased at 0° after 7-day treatment. These facts agree with Sugawara’s 
result®) that the ascorbic acid in soy been and wheat seed increased with higher tem- 
peratures (30°, 35°). In a previous paper”), the writer reported the amount of 
carbon dioxide contained in Nelumbo fruit increased with a high temperature (60°). 
This fact seems to correlate with Sugawara’s result’) that ascorbic acid in the leaves 
is almost directly proportional to the carbon dioxide concentration of the air. Franke!) 
also observed that the increase in the respiration of seedlings of Sinmapis alba and 
of slices of potato tissue ran parallel with an increase in ascorbic acid of the tissue. 

In seedlings 5 days after germination, the amount of ascorbic acid decreased, 
but the amount of ascorbic acid per one seedling increased evidently and dehydro- 
ascorbic acid was almost unchanged, while the seedling had grown up to 5.5 times 
of the plumule. Ascorbic acid and dehydroascorbic acid were found in larger quantity 
in the seedling which germinated in the light than the one grown in the dark. In the 
10-day seedlings, which have grown to 11.7 times of the plumule, the amount 
of ascorbic acid per one seedling increased, but dehydroascorbic acid decreased ex- 
tremely, and the amount of ascorbic acid was far larger in the light than in the 
dark. These facts correspond to Sugawara’s result*) that the amount of ascorbic 
acid in the illuminated seedling after 125 hours was about 65% greater than in the 
etiolated seedling which germinated in the dark. The average dry weight of these 
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seedlings are about 1.5 times of that of the plumule, because the plumule has absorbed 
materials from cotyledons. So the amount of ascorbic acid of a seedling which ger- 
minated in the light and that of a plumule were on a dry weight basis almost 
unchanged (see Table 4). Foliage leaf of Nelumbo planted in the pond contains a 
considerable amount of ascorbic acid in reduced form, the total amount of ascorbic 
acid being almost equal to that of the plumule. 

Ascorbic acid was also found in embryos of rutaceous plants, in green tissues of 
seeds of cucurbitaceous plants and in the cotyledons of leguminous plants. The 
amount of ascorbic acid in these materials, though it varies with the kinds of species, 
decreased with the lapse of time in general. This fact agrees with Hoover’s report’) 
that the amount of ascorbic acid in Southern pea decreased slowly with the stage of 
maturing and the period of storage. In the seeds of cucurbitaceous plants, a similar 
fact is observed on a dry weight basis. There is found more ascorbic acid in green 
tissues than in tissues having no green pigment. It may be proved by the descrip- 
tion of Mapson) as to the findings of Giroud et al. and Mirimanoff that the reduced 
silver often appears localized within the chloroplast when the plant tissues are treated 
with silver nitrate. 

About ascorbic acid (vitamin C) in plant tissues, many works have been reported, 
but most of them dealt with edible parts. Moldtman?’) studied ascorbic acid in plant 
tissues physiologically and noticed the amount of ascorbic acid grew up to a maximum 
from noon toward afternoon. Sugawara’) measured the amount of ascorbic acid con- 
tained in the leaves of vegetable and found a similar fact. By these facts, he noticed 
the formation of ascorbic acid and photosynthetic activity stood in a close interrela- 
tionship. Yoshimura’) reported that the amount of ascorbic acid in higher plants 
diurnally reached a maximum in the afternoon. Regarding the seed, ascorbic acid 
is not found or is scanty in quantity and comparatively few works*!'°-*!) have 
been reported. 

The amount of ascorbic acid in rice seed decreased with the length of storage 
period as Sugawara®*) showed, and the seed which had been preserved for 5 years con- 
tained almost no ascorbic acid and a similar result was also obtained with maize seeds. 
However, the amount Of ascorbic acid in the plumule of Nelumbo seed seems 
almost unchanged for ages. Fruits of Nelumbo have been supposed to have a long 
longevity of two thousand years, and in this period metabolism goes on extremely 
slowly in the fruits, so that ascorbic acid there might have some relation with this fact. 


The writer wishes to express his sincere thanks to Professor S. Hattori of the 
University of Tokyo for his kind guidance and invaluable advice. Further he thanks 
cordially to Professor S. Nagami of the Yokohama University, Dr. H. Iwao of the 
National Institute of Nutrition and Dr. T. Sugawara of the University of Tokyo. 


Summary 


1. The amount of ascorbic acid (reduced and oxidized forms) contained in the 
plumule of Nelumbo nucifera and in the seeds of several other plants was measured 
by the indophenol method. 

Pe The content of ascorbic acid in the plumule of Nelumbo is considerably high 
and exists in oxidized form for the most part. This amount hardly changes in the 
fruit for several years. 

3. There is only a little effect of temperature on the amount of ascorbic acid in 
the plumule of Nelumbo, which increases slowly at 25° and 50°, and decreases 
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slightly at 0°. 

4. By germination, the amount of ascorbic acid increases, dehydroascorbic acid 
considerably decreases per one seedling, and the seedling which germinated in the 
light contains larger amount of ascorbic acid than that grown in the dark. Foliage 
leaf of Nelubmo contains a considerable amount of ascorbic acid, which consists of 
reduced form for the most part. 

5. The contents of ascorbic acid in the embryos of Citrus, Fortunella, green 
tissues of seeds of Cucurbita, and cotyledons of Pisum and Glycine were measured. 
In these seeds, dehydroascorbic acid is also comparatively rich and the amount of 
ascorbic acid varies with the kinds of species and generally was found to be less in 
the older seed than in the new. The amount of ascorbic acid is more in the tissue 
having chlorophylls than in the one having no green pigment. 

6. It is noticeable that a considerable amount of ascorbic acid is contained in the 
plumule of Nelumbo seed and the amount of this substance does not change for years. 
It seems likely to be concerned with a long longevity of Nelumbo fruit. 
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Inner Stage of Action and Eso-ecology of Plants 
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Introduction 


Since the author origially used the so-called ‘powder method’!) for the purpose of 
indicating the matter contents in plant-bodies, many works proving the effect of this 
method and also of other related methods have been published. While in connection 
with those works the concept of the inner stage of physiological activities?) was developed, 
an idea pertaining to the inner stage of action was accordingly introduced in plant 
physiology’), and several studies in regard to this concept have appeared*’’). 

The inner stage implies the entire inner environmental factors or the inner 
habitat of plants, and affects any physiological function taking place on this stage. 
The study of the interrelation of the inner stage of action and the course of a 
physiological function, therefore, may be a good key to disclose the essential mecha- 
nism of a physiological function in plants. This study actually tends to be ecological 
rather than physiological. The inner ecology (eso-ecology or esecology), therefore, was 
introduced as a new term in botany’). 


The concept of the inner stage of action and its application 


The inner stage of action is the place or habitat where a physiological function 
takes place in the plant body. All physiological functions operate within the body of 
organism, although the course of a function is usually affected by the external environ- 
mental! conditions. The influence of an external environmental factor on a physiologial 
function, however, is not direct. Its influence acts primarily on conditions in the 
inner stage, and secondarily, on the physiological function. It is difficult to study 
the exact relationship between a physiological activity and its environmental condi- 
tion, even when the external environmental factors or the environmental factors in 
the microhabitat outside of the body are studied. For this reason the environmental 
factors within the body directly related to the physiological activities must be inves- 
tigated. 

The inner stage of action or the inner habitat includes the anatomical or histologi- 
cal structure and the physico-chemical property in the body?). The natural course of 
any physiological activity of the inner stage should be influenced from these two 
aspects. From the view point that the function and structure of the body are inter- 
related as the cause and effect, it may be said that the role of the so-called physio- 
logical anatomy of plants is essential. On the other hand, the physico-chemical pro- 
perties of the cell and tissue have been studied extensively to clarify the cause or 
mechanism of a physiologial phenomenon. According to the author’s concept, these 
methods of study are actually ecological. 

Fundamental is the problem of whether it is possible to estimate effectively the 
matter content or the degree of function, although the degree of such properties as 
body temperature, sap-concentration, electrical ability, etc., can be studied with little 
difficulty. Since the usual percentage of matter contents is only a relative indication, 
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it may be, at times, too obscure to determine the content value in the stage of action. 
In order to determine the actual matter contents in the tissues, it is necessary to 
estimate the amount of the matter contained in the actual volume of the body-tissues 
or the relative amount compared to other substances which are contained in the 
tissue without appreciable variation. No practical method of indication correspond- 
ing to such an idea, however, is known as yet. It was, therefore, necessary to apply 
methods which rendered comparatively effective results for this purpose®). 

The ‘powder method’!”*) which estimates the amounts of matter contents per 
unit volume of the dried tissues powder was proved to be a useful method by a series 
of related studies. The determination of the specific weight of tissue powder’), the 
determination of the hygroscopic ability of tissue powder’), and the refractometric 
determination of the concentration of the extract per definite volume of the dried 
tissue powder") have been attempted in many works according to the author’s con- 
cept. After this concept was introduced, many useful results of physiological studies 
which actually should be placed in the category of ecological studies have appeared. 


Meaning and role of eso-ecology 


Eso-ecology is a special field of science which deals with the relationship between 
the physiological functions and the environmental conditions in the inner stage of 
action. A physiological function in the living body is not independent of other co- 
operating functions. In other words, it is a part of the entire life phenomena. All 
physiological functions are related to one another forming a functions-complex on the 
inner stage of action or the inner habitat of the body. It may, therefore, be a key 
to reveal the secret of life, to study the interrelation ecologically, which is the funda- 
mental role of eso-ecology. 

The current ecology, not only synecology but also autecology, deals with the ex- 
ternal habitat-factors. It is a study of the conditions in the external environment or 
the study of the ecological conditions of the immediate space surrounding the plant 
notwithstanding the internal habitat factors. In physiology, the influence of the ex- 
ternal environmental factors on the physiological functions is generally studied. The 
influence of any external environmental condition on a physiological function primarily 
effects the internal conditions which are actually directly related to the function; the 
physiological function is related to the body temperature, but only indirectly to the 
temperature of air or soil. Thus, the initial problem is to measure the body tem- 
perature for the purpose of studying the influence of temperature. To study the 
relation between the physiological functions and the environmental conditions, it is 
necessary to consider the internal conditions (the conditions of the inner stage of 
action). It is desirable to study a physiological function under controlled conditions. 
Any physiological function, however, is taking place in the inner stage of action 
under the influence of the complex physico-chemical and biotic factors which are the 
components of the stage itself. The physiological functions on this stage are influenced 
by one another as a biotic environmental factor. Therefore, it might be said that the 
eso-ecological study is essential in explaining a physiological function. 

The interrelation between the assimilation and the respiration of plants is still 
obscure in physiology. Many advanced works, however, in attempt to solve this pro- 
blem have appeared'*); works being done from the ecological stand point. This sug- 
gests the necessity of the eso-ecological concept in physiological studies. This field 
in science will be systemized after further investigation, although little is known of 
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the basic elements constructing eso-ecology as yet. 


Conclusion 


The outline of the concept of the inner stage of action and eso-ecology has been 
proposed and described. The problems mentioned in this note should be applied to 
the animal and human life as well as to the plant life. Since the health of living 
beings depends upon the inner stage of action, and all natural or artificial damages 
of the inner stage result in unhealthiness, it may be worthwhile to introduce this 
concept to such applied sciences, as agriculture, medicine, etc. Indeed, a tendency 
to treat physiological works as the problems of the habitat within the body is grow- 
ing rapidly. 

If the final aim of physiology is to clarify physico-chemically the true nature of 
life, it may be of little significance to study each function separately. The eso- 
ecological study of the functions-complex in the living body seems to be more ap- 
propriate. 
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Observations on the Embryo Sac Containing 
Double Egg Apparatus in Triticum aestivum L. 
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Received September 7, 1959 


Introduction 


During the course of embryological observations on wheat, the author met with 
several embryo sacs possessing double egg apparatus. As this unusual duplication of 
egg cells may contribute to explain the problem of the formation of twin germ grain, 
the author wants to describe it briefly. 

In this paper, the morphological description of such embryo sacs has been reported, 
and further, its origin and the possibility giving rise to polyembryony have been dis- 
cussed. 


Materials and Methods 


Triticum aestivum L. varieties, Saitama-No. 27, Norin-No. 26 and Norin-No. 42 
were used as the materials. About 1,000 ovaries, collected just at their flowering 
times, were fixed with formalin acetic alcohol solution. The preparations of 10-15 
thick longitudinal and cross sections were made according to the simplified paraffin 
method designed by the author'). According to this method the dehydrated samples 
are soaked in crystal violet-containing paraffin for about one week, and then are cut 
into sections by microtome. 


Observations 


Among 975 ovules, only three abnormal embryo sacs, possessing double egg ap- 
paratus, were found (one case in variety Saitama No. 27, and two cases in Norin 
No. 42). The typical structures of normal and abnormal embryo sacs are shown in 
Figs. 1 and 2, respectively. E; and E, in Fig. 1 are thought to be egg cell, and no 
difference was found between egg cell in normal embryo sac and abnormal one. 
Adjacent to these egg cells, four synergids (S,, Ss, Ss and S; in Fig. 1) are observed, 
and two of them (S, and Sz), located in micropylar side, have already degenerated at 
flowering time. It is noticeable that these six cells seem to make up two sets, com- 
posed of one egg cell, one normal synergid and one degenerated synergid (E1-Ss-Si 
and E,-S,-S:), i.e. two sets of egg apparatus exist together in one embryo sac. Polar 
nuclei in normal embryo sac of wheat, are in close contact with each other, and they 
never fuse before fertilization. The boundary nuclear membrane between both polar 
nuclei which locate near the double egg apparatus is, however, not so distinct that 
two polar nuclei appear to have fused each other to make the so-called central nucleus, 
but two large nucleoli can be clearly seen separately in it (Pin Fig. 1). Concerning to the 
shape and the number of antipodal cells, there is scarcely any difference between two 
types of the mature embryo sacs. One of such abnormal embryo sacs is shown in 
Figs. 3 and 4, and another instance is in Fig. 5 in photomicrographs. 
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Fig. 1. The embryo sac containing double Fig. 2. Normal embryo sac in 7. aestivum 


egg apparatus in Triticum aestivum L. L. (x 180). 
(x 180). S: synergid, E: egg cell, P: polar nucleus, A: antipodal cell. 
Discussion 


Formation of abnormal embryo sac: 

It seems necessary to discuss the developmental aspect of embryo sac, to under- 
stand the origin of afore-mentioned abnormal embryo sac. 

Embryo sac formation of wheat belongs to monosporic type, and according to 
Percival (1921)), a megaspore gives rise to four nuclei in micropylar end of embryo 
sac through three times of successive nuclear divisions. Normally, it seems that the 
rhythm of nuclear division is stopped and the formation of cell membrane occurs around 
these nuclei, so that one egg cell and two synergids are formed. One nucleus 
which locates at the most antipodal side of the quartet, is thrown out toward the 
central portion of embryo sac without the cell membrane formation. It may meet 
with another nucleus migrated from nuclear quartet in the antipodal side of the 
embryo sac, and form the polar nuclei. If the rhythm of nuclear division of mega- 
gametegenesis is not stopped after its third division due to some reasons, then the 
fourth division will take place, consequently, resulting in the double states of 
the egg apparatus, that is: two egg cells and four synergids. The polar nuclei 
formed after the third nuclear division, can not complete their fourth division, but 
merely shows weak indication to divide through the disappearance of boundary 
nuclear membrane. Hence, it is thought that the polar nuclei show the half fuse 


appearance. The degeneration of two synergids out of four may be due to nutritional 
or some other causes. 
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Fig. 3 and 4: Two adjacent sections cut ver- 
tically of an embryo sac possessing the double 
egg apparatus in wheat (Variety Saitama 
No. 27.). 

Duplicated egg cells (#, and #,), and three 
out of four synergids (S;, S, and S3) are visi- 
ble in Fig. 3, and another synergid (S,) and 
half-fused polar nuclei (P) are seen in Fig. 4. 
The lower parts of both figures are antipodal 
cells (A). (Both x 400). 


Fig. 5: Longitudinal section of another embryo 
sac possessing the double egg apparatus in 
wheat (Variety Norin No. 42.) 

One of the egg cells () is already fertilized, 
but another egg cell (/) is as yet unfertilized. 
Polar nuclei have proceeded already in meta- 
phase of the first nuclei division as the 
primary endosperm nucleus. (#N). One of 
the degenerating antipodal cells (A) is seen 
in lower part. (x 400). 
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Watkins (1925)) noticed in hybrid plant between Triticum turgidum and T. vulgare, 
though one instance, an embryo sac containing two polar nuclei in contact, three 
synergids and two egg cells. The present author thinks that Watkins perhaps did 
not notice another degenerated synergid, however, it cannot be asserted positively, for 
report lacked in the detailed illustration and discussion of such abnormal embryo sac. In 
Crassula shmidtii and Umbilicus intermedius, Mauritzon (1933)‘) reported that occasionally 
there is a fourth division in the embryo sac, resulting in the formation of sixteen nuclei, 
which organize to form four synergids, two egg cells, six antipodal cells and four 
polar nuclei. 


Polyembryony: 

In case that a pollen tube enters such abnormal embryo sac, the tip of the pollen 
tube may penetrate into one of the normal synergids, thus two male nuclei are discharged 
into embryo sac and are delivered to one of the egg cells and polar nuclei. This 
inference is drawn from the observations on the fertilization in normal embryo sac.’) 
If an additional pollen tube directly follows the first pollen tube, it can fertilize 
another egg cell probably by working as agent of a surviving synergid. And that, if 
these two fertilized egg cells develop completely, the polyembryony or twin embryos 
with diploid-diploid chromosome numbers will be brought about. 

The frequency of the occurrence of embryo sac containing double egg apparatus, 
is about 1/300 (3 among 978 samples), and there may be little chance of simultaneous 
arrival of two or more pollen tubes at such egg apparatus, therefore, the fertilization 
in both egg cells does not always occur. 

When only one pollen tube gets into such an embryo sac, there appears usually a 
normal seed containing one embryo. But if an unfertilized egg cell may also develop 
parthenogenetically under an impetus from developing fertilized embryo, diploid- 
haploid twin embryos may be given rise to. In Fig. 5, it is observed that both the 
egg cell and polar nuclei have finished their fertilization, and the primary endosperm 
nucleus has already reached the metaphase stage of its first division, whereas another 
egg cell (E,) is still lying at unfertilized stage. 

On the contrary, another possibility is that two male nuclei penetrate into two 
egg cells severally without fertilizing to the polar nuclei. This case is also supposed 
as a source of twin embryos with diploid-diploid chromosome numbers. But if the 
unfertilized polar nuclei degenerate without development as endosperm, this ovule 
could not give rise to normal seed grain. 

Twin seedlings of wheat has attracted much attention ever since the first report 
by Namikawa and Kawakami (1934)*). In 1954 Nishiyama’) gave a thorough review 
of polyembryony in wheats, including the origins, chromosome numbers and _ their 
frequencies of occurrence. According to his review, the frequency of polyembryonic 
seedling is 0.11 percent, and concerning the chromosome numbers, 2n:2n twins accounts 
for 84 percent of all twins, and other twins i.e. 2n:n, 2n:3n, 2n:4n etc. and triplets are 
found quite rarely. 

The causes of polyembryony in wheat, like other plants, are interpreted by many 
workers mainly as follows: the possible and simplest method is ‘‘ cleavaging ’’ where 
the proembryo is separated into two or more portions (the so-called identical twins) 
Ste a ag bean hence their chromosomes are 2n:2n (Kappert, 1933*), Miintz- 
ne iF n _the other hand, it is known that the polyembryos are caused 
i Sah Leen ag cll oe Kappert (1933)8) explained that the diploid 

: ustatissimum may be derived from fertilized egg cell 
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and the haploid member from an unfertilized cell of the same embryo sac other than 
egg cell by haploid parthenogenesis. Kihara (1936)!°) presented another possibility of 
2n:n twins in wheat that diploid embryo may be derived from incidental fertilization 
of one of the synergids and haploid embryo from unfertilized egg cell. This opinion is 
based upon the observations made by Watkins (1925)3) and Wakakuwa (1934)"), who 
reported the occasional fertilization of synergid by a male nucleus in wheat. Kawakami 
and Hatamura (1952)") also stated that two synergids of wheat embryo sac are able 
to fertilize respectively with a male gamete derived from additional pollen tube. The 
results of present author, however, differ from the aboves, because in spite of about 
a thousand observation of fertilization examined, not a single case of synergid fertiliza- 
tion by a male nucleus was detected. Kihara!) also pointed out a source of 3n:2n 
polyembryony. He mentioned that one of the endosperm nuclei develops to the 
triploid embryo additionally to the normal diploid embryo. Besides these, although 
less frequent, there are two or more embryo sacs in an ovule, and each of which may 
give rise to embryo (Bacchi 1943") in Citrus paradisi Macf. and C. aurantium L., and 
Nielsen 19461) in Poa pratensis L. etc.). Proliferation of the nucellus or integument 
cells also may bring about the polyembryony in Citrus, Poa and other plants. 

In addition to these sources, above-mentioned embryo sac containing double egg 
apparatus, may also be thought as a source of the polyembryony. 


Summary 


Occurrence of abnormal embryo sac with double egg apparatus, though rarely, was 
observed in ovules of common wheat, Triticum aestivum L. The frequency of its oc- 
currence is about one-three hundredth. 

The embryo sac possesses two egg cells and four synergids, and polar nuclei seem 
to half fuse with each other before fertilization. 

Regarding to the process of the embryo sac formation, it is supposed that such 
double egg apparatus appears through the fourth nuclear division of megaspore in 
micropylar nuclear group. 

This embryo sac with double egg apparatus may be thought to be a new source 
of polyembryony. 
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Heth OFLA O L 5 Cid. 


Lik Piece cece cece nee 140g 
BIBL ANO nnn this. 6 tide, De ase. 2¢ 
2a ae Ragan eee 2g 
MgSO,z:7H:O -----+-: 0.25¢ 
MnSO,-4H,O ---+---- 0.02 g 
FeCl;-6H,O -------: 0.024 g 
7 Dn 20 cc 
FRUIT reece eee eee 1000 ce 


Fame ze IAC pH 2.6 icaafii. 7co3s, No. 163 -c, 


* ERR AS Awa Biological Institute, 
Waseda University, Tokyo, Japan. 


Rime Reba kD MRE T SHAE REA DNS 
Weick NHiNO; 2g Of 0c NH,C12.7 2 & 
arCLEbDS. 

Y a 7 RRO Frtth O AABLILMO Lb 5 Cd. 


[oe Rie sale ees PN -fale dete 140 g 
INBIN(@ oo oogeduisn.con 4 4.25 g 
NG SHNO A akort ae Gare e 3g 
MgSO,-7H20 -------- 0.25 ¢ 
MnSO,4:4H20 ----+--- 0.02 ¢ 
ZnSO4:7H20 ---+---- 0.02 g 
oe Sy oe DS 20 cc 
FeCl;-6H2O -------- 0.024 g 
FETT coe eee eee eee 1000 cc (pH 5.8) 
7 A URRNED SHLD FABIO L 5 Ch. 
GEG f SRP cen CCOOOG 250g 
INGIN(O)octrcconnomcecae 30g 
G41 6 eee ee 0.3¢ 
MgsSO.:7H20 -------- 0.25 ¢ 
FIAT co eee eee eee 1000 cc 


(¥ felk CaCO3 5% ¥EHN) 

hat OFFER 7 = TRO UR A HE OWA cit 
500 cc tre 7 7 Aare 100cc POFANEL, 3S 
ELOlF CE rcvR RK O.5ce HI 3 AS Hola 
FRRBENS LICH LELO) VHT, 8 ~10 
All 30° <c4esp9 110 [Bl CHR L, WED Pew 
2 AGRIC cco POMofe. (Etklt, MBITFA 
1G 80cc POAIELT, TReAKeD> FGI 2 {-*O 
DAIFAAHIRO RV CHE Lic). RMI ROY 
@lein, LO0Cca7 7 A Se 80'cG POA Lc, 
AsO 2 Bete, 30° CHL, WEDD 
fF 24H SOD FAFASZBWROWL He. HARK 


— 


114 


Ch, NVAFF RAT He EVERECEDCI=VYEBO 
EMR LUCHSLAMO 98% FREER 7 = VY RCH 

ZrcEPMbENHKOTC, Doelger & Prescott®) a 
LkMot2HACekt 2cc OF BW LO, 7 
2zJ—-NIKBVY Veet UT O.IN NaOH ie 
ko CHAIL, Che 10cc CHA LRHEBER 
whe. Ya VARIA RBC ho CEM i 
“, Fa VERILY Occ RED, CaCOs eY¥ 
DW LZ aR CVI IK CHEE PAIL, She 
50% 7 VA—-NCHLCASBRA VAY RANY OS 
EL, 105°, 4 REICR A PEt Lie. 

HAD RGM AR L x PRIA T LT CIR 
BATH TS CLMbPRoOKOTC, BRRATIT 
FAF7AMED, Ls PREV. C x1200 BEC 
REL ORD. FI bRY ays TAR— FRE 
VLA RS, BUG) OL lA CCHS. 


RR ta R 


1. SEAR HIC ISI} S 7 = VERA: | ac OHS 
% S00cc tRya7 7 Az 3 (hic 100cc FOAVEL, 
HUGS FE DO PEELE 5 HAD No. 2078 offaf-% 0.5cc 
HNC 3 ASHOMFAG ENS XL 5 ICRC 
L, €0 0.5cc for, 2 AiR ce HO 
Lo CHEB & EAM Woe GRITR1L OL 
2 Ch), HARE CILT 7 AACLSBEREO 
FVILSIAPELTE<, RaMIC 7 Viki L 
AONS. 17FABCIW TI ASE OOMT 
SBA S LEED 7 VILELD LAKE <1 SR 
BSk%IOWUEFCHSELTLE<X, COROER 
d- SeoGMss 1.2 er ic hoL 7 = VROA 
WDE ISS CE Dw. 

Table 1. Titratable acidity and osmotic 

value in Strain 2078 in control medium. 


Bot. Mag. Tokyo 


Vol. 73 


Table 2. Effect of concentration of NHyNO3 
on titratable acidity and osmotic value in 
Strain 2078. The spores were inoculated 
in the media containing NH,NO3 of three 
different concentrations after 5 days’ pre- 


culture. 
2 Days Titratable acidity 
one (0.1 N-NaOH cc/10 cc re gy 
of NH,NOs Se 
1lg/l SiO G6t3 e304 410 B49 
2 g/l 0-5 lO 38 54 OMS) 
3 g/l 220, Los) 2829) 44.0 eenOee 
ee “= Osmotic value (M) a 
of NH,NO;> 2, 
1g/l 1.5 ol 4 31 SSE oaL eoeenles 
2 g/l LG 4: ee? BAS 0 Seat) 
3 g/l 1. Gage 4904 pel 3 ea s0 


BERG 11 cox 1, 2, 3g LBRK 3 MOM 
dhe 500cc ta 7 7 AAK 2 Ale 100cce FoF 
TEL, No. 2078 D5 HA Ola FOR yee Leo 
L5H, 2 AICRH cc FOL LCHEMEL 
70 (Mi Wa eH RIZH2O ES CHE. Ek, 
NHC] OMEKIH 11 ox 1, 3, 5g LHR 
fo 3M OFIC, No. 163 OF) 1K oOlafeee 
fi LIMBA OFF RILK BDL} CHS. EBBO}w 
BC h SROREAPSV BAIL = VMRO REE 
AWMinlt/DTe <, No. 2078 Git 2~4 HoOyay 
FEA IK control LYNZ WAS, Bicik dics te 
D, Wit control CIENT XAG 7 EF 1.3 
ik KoA, LOWS AMES No. 163 Git 
28 ROIREEDY NS VBS IC control CIES CBF 


Table 3. Effect of concentration of NH,Cl 
on titratable acidity and osmotic value in 
Strain 163. The spores were inoculated 
in the media after 7 days’ preculture. 


Days Titratable acidity Days Titratable acidity 

are Ce cc/10 ce of broth) hone (0.1 N-NaOH cc/10 cc of broth) 

Expt.  ™ : 8 ° oss of NH,Cl ~ “ 2 8 - 
No. 1 0.5 11.0 37.3 52.8 68.8 1 g/l 0.8 3.6 =265 1 10 seeds 

2 0.5 10.5 38.3 53.0 69.8 3 g/l 5.3 8.7 29:8 50.8 62.5 

3 0.5 11.5 38.7 56.3 75.4 5 g/l 5.4 10.5 28.4 43.6 54.1 

ss Days q Days ; 
Osmotic value (M) y Osmotic value (M) 

ae A> “2G sR AL FOS 2 6 Hig ~S.caehO 
No. 1-3 EO: 01.4 "Do 28 ope lg/l 15 11.0 S020 ma OcCuORS 

3 g/l LG ls 2yqehly 2, anh 1). Opa o 

5 g/l tl ay cl 2s oom ae tee 


2. 7 = VIRRBNEICIs(} 6 ESKYLE: ~NH.NO; 0 


March 1960 


(ROP RMDAL<, 7 = VRRARILEE RD Teds 
qe. 7ets, eB 77 ASE 80ce FORLWL 
TC, No. 2078 © 10 H#ROMWFLEML, 2 AS 
FIC OS 2 POD 7 FT Aa wR DIRE 
0, CANCOVW CHAN RBI 4 OL HT, gil 
DBR = VBEMUS<, 4e/l CLLeLV EE 
HADAbh, Boab 1.4 er KO SBbishdo 
TES 
Table 4. Effect of concentration of NH,NO; 
on titratable acidity and osmotic value in 
Strain 2078. The spores were inoculated 
in the media after 10 days’ preculture. 


In this case measurements were made per 
2 flasks every 2 days. 


Days Titratable acidity 
Come es cc/10 a of Oe 
of NHsNO3 \ 
1lg/l 0.4 Zee AG e259 .4. 
2 g/l 1.6 WAS saath, Ginay) 
4 g/l Bor Bea eee See 15 
pe Days Osmotic value (M) 
Conc. ™ 9 
of NH,NO;> eS 
lg/l 1.4 12 1.0 1.0 
2 g/l 16 iL a 12 1.0 
Ag/l 17 i a2 se 1.4 


Table 5. The results of titratable acidity 
and osmotic value in Strain 2078 when 
the concentration of NH,NO; in the medi- 
um was changed on the 3rd day. (Initial 
concentration of No. 1), 2), 3) is 1.0, 1.3, 


1.6% respectively and is increased to 
2% on the 3rd day.) 

: Days Titratable acidity (Osmotic value 

Ss 3 8 

periments 

Control (2%) 850-2620 15 15 
No. 1 C2 mOS eS ese led 
No. 2 10.0 38.0 Veils 1 
No. 3 9.0) 727.0 Aen 


mic. NHsNO3 721¢# 1.0, 1.3, 1.6% BR te 
3 MOR HS 40cc CHER L, 3 ARE L RIC 
NH,NO; © 40cc &INzTCHEOPES 2% (C?eS 
LF CMMPSLEHS CAFE SI, control £9 
ONC LV REA bh, BAMECHICIECTH 
VLA SECED MSY ONE. 

3. 7=VRRMICBO SET At VIRB: KHe- 
PO, OBER 11 cox 1, 2, 3g tBxK 
3MOMbIC, LFOL FIC No. 2078 ©5 HAD 
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Ned F 22 BPTI) LC HER, «2 AIT HK ce PO 
4 > CHACHRERRE C, 3g/l OWA (EN 
Pbt Ich brs. # 7k No. 163 OF 248TH) 
OWI F% KH PO. OER 11 cox 1, 2, 
4g LB 2 eC HEE LIA OE T, control 
DI=VRAEM LD Dot, KORA IMS 

HEMP KE<, KKZOUSICILB MHL MEM 
ae 0 Tee CP ys Ce ae Cs 
S. Ek, 2D No. 163 OK ROWS KK [Eo T 
VY = YPEDSGR4 Lee. 


Table 6. Effect of concentration of KH,PO, 
on titratable acidity and osmotic value in 
Strain 2078. The spores were inoculated 
in the media after 5 days’ preculture. 


Sa ee Titratable acidity 

Coke Se (0.1 N-NaOH cc/10 cc of broth) 
1 g/l Ol00 1.9 oo Moet Oe 
2g/l 0.9" )11.0) 138.15 .54.0 71.8 
3 g/l 2-6 8.4 24.2 48.1 67.5 

De actly Osmotic value (M) 

of KH»PO, ~ 2 4 6 8 10 
1 g/l 1257 A192 Ore 10 0 
2 g/l LOW LAD Loe do Sale 
3 g/l 1S ald oie toe 


Table 7. Effect of concentration of KH,PO, 
on titratable acidity and osmotic value in 
Strain 163. The spores were inoculated 
in the media after about 2 weeks’ pre- 


culture. 
~ Days Titratable acidity 
Coes (0.1 N-NaOH cc/10 cc of broth) 
of KH,PO,- : 6 ae 
lg/l ZO moe F619 eae sO) 
2g/l rela Om LORmeeoel meOorL 
4 g/l NGG) footed Me asso) 
Sena aoe Osmotic value (M) 
of KH»PO, 2 4 6 8 10 
lg/l OP eA gi iN | ea a 
2g/l WMS} be NP Ds 
4 g/l IC elo lvomeel.om 1.3 
mic, MgSO, BERG 11 wox 0.125, 


0.25, 0.5¢ LRA 3 MOR IC No. 2078 04 
A A Ole Pe RICH L CHE, 2 A fpIc Bcc 
POL > CHACHA 8 C, fAFORDAS MN 
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Table 8. Effect of concentration of MgSO, 
on titratable acidity and osmotic value in 
Strain 2078. The spores were inoculated 
in the media after 4 days’ preculture. 


_ Days Titratable acidity 


Bot. Mag. Tokyo 


Vol. 73 


Table 10. Effect of concentration of FeCl; 
on titratable acidity and osmotic value 
in Strain 2078. The spores were inocu- 
lated in the media after 4 days’ preculture. 


Days) Titratable acidity 


| = 10cc of broth (0.1 N-NaOH cc/10 cc of broth) 
Cone. — be oe  ceae ay pe ae 2 6 8.5 10 
of MgSO, ~~ etc ee ee Of FF eCg Fane 
| 6.4 12.3 28.9 69.6 76.5 0.012g/l(a) | 0.0 7.0 14.4 46.5 51.9 
Oa ei tb) | ar 11.8 27.2 61.5 68.5 0.012g/l(b) | 1.8 6.6 23.8 61.0 72.5 
0.250g/1. | 0.5 8.6 19.8 50.2 57.2 0.024g/l | 0.5 8.6 19.8 50.2 57.2 
0.500g/l(a) | 0.0 9.1 25.5 67.6 82.4 0.048g/l(a) 2.1 12.8 18.8 52.4 65.3 
0.500g/1(b) | 0.0 5.9 14.7 43.7 60.5 0.048g/l(b) 0.0 5.1 16.6 40.7 46.9 
Coe ware Osmotic value (M) FO en Dare Osmotic value (M) 
OLA es 8 ee eee ee 
125 bid Oe 0-0-0 0. S. m0eRe 08 0.012. g/f (a).|...1c- olud-q lade lad alae 
O18 SG OG) 0.9 Use os ae 0.012g/i(b) | 1.5.1.3 1.1 1.0 1.0 
0.250 g/l {pen T gs Teo Sealey ey to 02024 2Ms a1)\ est St OBS2) 2152 ae 
0.500g/l(a) 1.5 1.4 11 0.9 0.9 0.048¢/i(a)| 1.5 1.46 1.3 221, 30 
0.500g/l(b)| 1.5 1.4 1.3. 1.3 1.3 0.048g/f(b) | 1.5 1.4 1.2 1¢ ma 


>} fc%A» control OF = VRBAMEBITKIOLOL 
DDishotch, Mg DRERKE BE aii 
tTERIED 7 VAABH Te. HIE No. 163 © 
2 AME OMWFIC OV COMREKROGRE CH 
S. COMBE Mg OUR D/NSve SIC 
AMBCEHIES <, EOL control © 8 ARETE, 
ARM bDictrotk. 
Table 9. Effect of concentration of MgSO, 
on titratable acidity and osmotic value 
in Strain 163. The spores were inocu- 


lated in the same media as in Table 8 
after about 2 weeks’ preculture. 


Days Titratable acidity 
(0.1 N-NaOH cc/10 ce of broth) 
Cone, >. mae 6 “XE 30 
of MgSO, > 
0.125 g/l Ao) 1368 6.7 22 olan 22- 
0.250 g/l 4.0 15.8 24.6 27.5 30.2 
0.500 g/l 4.3 14.3 25.0 28.0 32.9 
—— Days O : 
Gone smotic value (M) 
2 4 6 8 10 
of MgSO, : 
0.125 g/l l-62"1.40a81225 1 oeeleo 
0.250 g/l NN ALS) int rg em alge eal eh Os anf 2, 
0.500 g/l LS (2073 G2 | soa te? 


# 10 ik FeCh OHI 11 CX 0.012, 
0.024, 0.048 g LBA 3 MO HHIC No. 2078 © 
4 AB Ola F% BPA AKC L CREAR, 2 FICK 
ce POL > CH EC, Mg OWED EFI 
Fe DIRE OBILIC LOZ Visa, yMHER control 


D2GCCSLMBLREOMA RA Shier, 
No. 163 Cid Fe DIRKEAKEVt BFAD LA» 
Za Ace 
4. 7=>VYEBRICBIGSLU.: BBE: Li tio 
EER 8, 14, 20% L Br ekehic No. 2078 
Oe 1 OMIFe No. 154 OF HELV MR 
FAIS EE, 2 AICS MICOX 2A OO7F 
Aa Wi bDROKD, HICH KH 
R23 11 C, # 12 it No. 163 OF) 2 WH KO 
Table 11. Effect of concentration of sucrose 
on titratable acidity and osmotic value in 
Strain 2078 and Strain 154. Two flasks 


were removed for observation every two 
days. 


th Days Titratable acidity 
Conde We (0.1 N-NaOH cc/10 cc of broth) 
of sucrose 2 4 6 8 
8%* 6:6. 375" sasi6e wes 
14%* TL 6* > 12. 6.933557 woes 
20%* 6.5 (Rae BOTA. bose pal 
14% ** 0.0 2.6 8.7 10.5 
Contin Days Osmotic value (M) 
of sucrose ~~ he. 4 6 
8%* | eG 1.4 ee, 1.0 
14%* 1.6 1.4 Ss 1.0 
209689 1 6g ee ee 
14%** | 0.8 1.0 1.1 0.8 


* Strain 2078, the spores were inoculated in 
the media after 1 week’s preculture. 
** Strain 154, not precultured. 
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Table 12. Effect of concentration of sucrose 
on titratable acidity and osmotic value in 


Strain 163. The spores were inoculated 
in the media after about 2 week’s precul- 
ture. 
Days Titratable acidity 
Conc. (0.1 N-NaOH cc/10 ce of broth) 
of sucrose 2 4 2. is a¢g g 
2% One ae LO SOeme Liege 17.48 
6% Aro lose ae OO Se 25e7 
10% Somme ZOr 62a 6 2980 
14% 5a Ga & 1658 oe pSbe Ie 381.9 
once Days 0 ora 
Cope ‘ ae value (M) 
of sucrose ~~ 5 nis : 
2% 1.4 1.0 tO) 0.9 
6% 1.4 1.0 1.0 0.9 
10% 125 152 ital al fil 
14% 1.6 13 al pe iL pil 
faFleowt, 2 ARcH cc FOL > CHARS 


RCHS. Ls PREDOMI Lo C7 = VYRO 
AKER DSAICoPDr>dDbT EMO b AVA 
DBAOBSESL< feu k5C, BIE Li 
VHF Cid, BRS OR, RIO K 5 ew 
HNC 4 AMR <, 27> VROAMInb ees 
Prof. 

5. $4 bev ay TAK ~MBOMS: 
BR 154863 WowCH4 bReY eV  TAR-F 


Table 13. Effect of nitrogen mustard treat- 
ment on titrattable acidity and osmotic 
value in Strain 154 S63. 


Days Titratable Acidity 
: (0.1 N-NaOH cc/10 ce of broth) 
Mutants ~~ ae : i re 


Parent strain 0.6 18.3 
Cinnamon type! , 0.2 25.9 
Brown tyye? 0.2 Liao 
Sterile type? (Det) 6.4 

4 ” OFZ 3A2 


Osmotic value (M) 
10 


Mutants 1 7 


Parent strain ilyet5) 1.0 
Cinnamon type! i 2 1.0 
Brown type? | 0.8 00 
Sterile type?’ * # 

ih fs * * 


* already plasmolysed 

1 Cinnamon colored conidia, 2 Brown colored 
conidia, 3 Sporulation was repressed remark- 
ably or completely. 
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WUEBIC LORRRAZ DHEA’), FO35 BOAT 
OV CHAE RR IE & 2 Me HAR 13 TC, 
BFL CULO Yee fi GARY KC, TeONCVLE 
FORD bRBAAHEL TU SLOLH I. Te 
4, CORRCLPUAL OB LS aS 7 = VBR 
MPS bOWA brights. 

Table 14. Effect of MeOH on titratable 


acidity and osmotic value in Strain 2078 
surface-cultured. 


TE Days, Titratable acidity 

Cone | (0.1 N-NaOH cc/10 ce of broth) 

MOH, wal ee ea 
0% Zant) O44, Oc ORo: 
1% OFS SLOSS 44s 6 Simez 
3% 0.0 CTO. (no OA so 

; Daysin f 0 : M 

Conc, sis smotic value (M) 

of MeOH Suk Jide 
0% [PoP 1 Grek 1554 | OA By Oe 
1% 16) Ike's 3) iis 
3% S38 Watt 1.4 12 


* not germinated 
6. 7=VERBRICRI SAAT NERO 
#8: No. 2078 D4H A OMBFOBAclir #7 - 
te 1 “YEN UT hEVFARASNKDIWFOED 
B2MMROLOCL, RMI BLELCAR 14 
DXLIRRAFARAbH, 7=VROLM ES 
Web DD dbboST RRM 1, 2 eee 
ATA. Tok, COBB, AR7-—NELO 
CHEF LE MIOALR AVES 1h SD CHADTEIT 
JEM DFEADAR BOBS) OLD Wie S (M1). 
# 15 yt, No. 163 wR C, Hhic rz #7 
—NVOBD, HK, Svitva, CASAREH 
Eh 0.5% IZ CHE LHR, COBBICSA 
RK) -NEMOBML BMX control LONOKE 
{, 27 -VEWTEMOBS CIP LR ETSER 
ADUAD DS CHS2M, SOCHMEMASIMNZSe 
HDB NS CBA BLS LS TAN, RM 


Fig. 1. The irregular form of the hypha 
of Aspergillus niger in methanol con- 
taining medium. x 1000, 
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Table 15. Effect of agar or strach plus 
MeOH on titratable acidity and osmotic 
value in Strain 163 surface-cultured. Two 
flasks were removed for observation 
every two days. 


oe Days Titratable acidity 
—s (0.1 N-NaOH cc/10 cc of broth) 

Addin eel a ee 
Blank OME ON CAI Heya SRE 
MeOH 3% 2527-5 tol. A5.0 (02.0 
Agar 0.5% 6.2 17.2 B2bn2 232392401 
Starch 0.5% 9282 Ome Om On 2 MoD 
Agar «& MeOH | 5.5 27.9 66.8 86.4 89.8 
Starch & MeOH | 9.9 23.8 65.3 79.9 83.2 

Daye Osmotic value (M) 
Addition —~| ? : 
Blank WelsOu lao el OnmOTO smOEs 
MeOH 3% Pileg iby alksse iO) ah 
Agar 0.5% | IeGreles (12028079 7059 
Starch 0.5% l-62 l- 3a 02:9) 0.35 O28 
Agar & MeOH | 1.8 1.6 1.4 1.3 1.1 
Starch & MeOH 1Sip 1. 6.145 Sele 


W< baKX Mok. 

7. VYaUR@re7 3a VR: No. 163 eh 
FRI Lo Cy = VRS OBA ITIL 2 AE 
OP CCMBDVES, ROAM CAMs TY ay 
AOA mCBAL, R16 CAP LICR. ¥ 
te, No. 2078 % feaergetiic ko C7 2 VY RAE 
wR RLR 17 WRF EIC, 6HCAAS 
MEAD D IG < 700, MVE S D> te. 

Table 16. Osmotic value and weight of 


mycelium in oxalic fermentation in Strain 
163. 


Bot. Mag. Tokyo 


Days 1 3 5 7 9 12 


Osmotic 

value (M) 1.60.9 0.9 0.9 0.9 0.8 
Wt. of 

mycelium | — 0.622 0.549 0.747 0.590 0.740 


(g) 


Table 17. Gluconic fermentation and osmotic 
value in Strain 2078. 


Days 


| a 
Gluconic acid (g) 0 0.11 O 
Osmotic value (M) | 1.6 1.5 a oh 
BRE LV GH 


LORRERE LT, WR) WAKES, 
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TEMS BAI, KFS ILOLRO MMC 
BADWRSNTC, BaMIRA ¥ ¢, 1.6~1.7 € 
WVAREEICICN, COL XORBEMAP\STFESEO 
VERORBARE SD Tov. BIH LeU RFP 
FA PRY aY* TAR FMR LKEEDILEO 
AGO GMAT DS <, FEWON CK EM 
Mg DREAD) ¥ SBS 4 MMOR BMI) 
L7e0, 2HAOA 1.4 ern YW FOB CKIA-K 
CEOBOMAERMD Div. Ee, 7 = VAR 
D AWE AD Cd S ds 5 AIO RPL A> 
2 CBRARBRARBICT OM, BUBB 2 or 
5 TPR FURL ARIE Lo CTHR5 LIC, WHA 
LOPE & HEL Co DOW ORMITLMAL 
Bolte 

me, 40 Bde OCB MA 1.2~1.3 er 
BIC SMC < SLEMRMAMSNSD, EKelLY 
eC ERTRHEHE SH, BERD ACT. O BRO 
DBE D. RM ICHHMOR ADORED) SUB 
VE RRA D SS < REE SDS. VBMALA LAR 
DBOERE MY THEVLIRLOC, AFB 
APYOMES, HMMS Chee S. ECAR 
6 ARCs Ch MRS ED ABST 1.3~ 
1.4 €VIILESLIGMbOCERMIEV A, 
PRAERUIAN ELC, ORM SBE 5 CH 
HS. COLI, 1.22:51.0 Sr HiBoR awe 
WODMEE AL Te AMI DURE CT, & ORF) DAE & 
Vdd TU SIRE CHS. CORRAL = VER 
MICH RRB EA, COMOBERMOBAKLE 
16~17 Dat £5 I Mlk 7 = VRAROWS 
LIAR GBILA ST SLOL#R BND. Mg, Fe o 
Ie EO BYE L SGC MICA > S BB 
N, K O€HCIESN CHEN Cla ESC, Lz 
HE DIRREDOB {LDS N, K OZhE<K OX THE Mii 
CULE HE LV BRR EX TLV DIL IED B D' 
VICLSEEOCHAS. MRMCLARLEL CHO 
TA ACHN PR 5S AAA L, Lietio CHkpih 14 
DS TSBRORRVLPBECHS. COLI 
ZROISHE LT, KOL—-DD KREMER, 
FERED ETC L x BCE Rie LOWER ES ZA 
DERIK LARS LOCHA 5. 

HK, HI Aa? —N% 1~3% Ys Sor 
MHF AOASHSD, Bicik Lie control 
WOK LICMRAMASH, eH AO 


March 1960 TAKAMI, W. 119 


TAC OPER, Dit b DEAMOAVRAB 7 —NORANCIER, CAMAOL > Tek ER 
hh, Balk control OROICIEATKE<, MR HbICMRMTSL, BAOMMDB Ah, 2 e7—- 
EMP E SION THC SAY, COL EMAM VOR RILS OIMAFSCOEMHDZS. 
BAWICLESHNSD. RMB CIV Ch, 2 


x jak 


1) Prescott S.C., and Dun, C.G., Industrial Microbiology (1949). 2) Foster J.W., Chemical 
Activities of Fungi (1949). 3) Ozaki A., J. Agr. Chem. Soc. Japan 29: 611 (1955). 4) 
Takami W., Bot. Mag. Tokyo 70: 140 (1957). 5) Moyer A.J., Appl. Microbiol. 1: 1 (1953), 
U.S.P. 2,674,561 (1954). 6) Doelger W.P. and Prescott, S.C., Ind. Eng. Chem. 26: 1142 
(1934). 7) Arima K. and Abe, S., J. Antibiotics 4: 342 (1951). 8) Kawate S., Techinology 
Reports of Kansai Univ. 1: 45 (1959). 9) Takami W., Bot. Mag. Tokyo 69: 128 (1956). 
10) Shu P., and Johnson, M.T., Ind. Eng. Chem. 40: 1202 (1948). 11) Monod J., Ann. Rev. 
Microbiol. 3: 371 (1949). 


Summary 


Surveying the relation between the acid (citric, gluconic and oxalic acid) production 
and the osmotic pressure of the mycelium in many cases, the following results were 
obtained. 

1. In good acid production, the initial osmotic pressure is as high as 1.6-1.7 M. 

2. The initial osmotic pressure of the old strain, not pre-cultured and of the nitrogen- 
mustard treated strain is low. 

3. When the osmotic value decreases to about 1.3-1.2 mol, the acid production is ac- 
celerated and then increases gradually during the period when the osmotic value is 1.0-0.9 
M. 

4. Optimum concentration of sucrose in basal medium is 10-14%. At the growth stage 
10% of sucrose is preferable, while at the stationary stage, 14%. 

5. Effects of deficiency and excess of N and K are remarkable, as compared with 
those of Mg and Fe. It may be said that as in the case of sucrose, a lower concentration 
of N is preferable at the grwoth stage and a higher concentration of it at the stationary 
stage. 

6. If 1-3% methanol is added in basal medium, the irregular forms of hyphae are 
observed at the growth stage and in many cases more citric acid is produced. In such 
cases, citric acid production is more promoted than at the ordinary osmotic value. If we 
add agar and starch moreover we have much more citric acid production. 

7. Asan application of this observation, we can have more citric acid production, 
when the initial concentration of NH,NO; in basal medium is 1% and increases to 2% on 
the 3rd day. 
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Table 1. Effect of arsenate as antagonizing 
with that of phosphate on the photo- 
periodic response of Salvinia natans. 


Applied solutions Results 
; «1+,:. |Induced 
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Solution A }10-5M KH.AsO, BY (RT) 85.7 

F 10-5M KH,AsO 
Solution Bj9-«4 KHPO, = = 10.6 100 
Control no components 0 100 


* Chemical components were dissolved into 
the culture solution to give a provided 
concentration. 
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Fig. 2. A relationship between the concen- 
tration of NaF added in the inductive 
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Fig. 3. A relationship between the concen- 
tration of malonic acid added in the in- 
ductive period and the inhibition-grade. 
(The plants were perished in 10-2 and 
10-3 M.) 


Bot. Mag. Tokyo 


Vol. 73 


&, FICHE <S, BLEALDRBROE ETH OF. 
10-3 M Clt-@-O3EH BEF L feo Ke DIEM Te FE AIS 
ABH, 10-*M CILIERCIT BAe ALE. 
10-3, 10-4 M Cue eA AL ASE Sg BIC ITE FES 7 
DEBE < MELA OREAICRIB SHC Ke. 
ze YiR—w 2 VARS AS ah UC IE 
5.2 t. 10-2, 10-3M Citi MlIZME ETH NT 
Leo, CHOUPFORECLEOLSRMeLI 
feipot. Che ko CHALBE RHA (10-+~ 
10-§M) Cla CHa F RAIL REOELOLD 
Mon, $c 10-°M OBA LOMMILALS, 
WIRKROLOO 2C>HLI (3H). 
HOLE PH BE CHD 10-4, 10-5°M 
CHIMRK LOB LIKBbHheE. Lae Liat 
BOFAILD LS Ho Cre. 


= & 


RAM MRAIC it S 7 = YVREKOMFl23-C 
CB < OME CRY DHT Sab, WEOO— 
RW te RRR Lieto tT, tHyya DEORE 
RAC S 7 = VRABROBS LCV SEDELTE 
Be %e HED S. 

— AIT ESRI EA & A SC ESKER Re BN 
BIBS, BASAL CRE BIBLES Sicilia 
A MANE O ESRI FAVS C bas7s O ROMP AY 
BLS. ELVCHSMMOAARAV HAUT, BA 
HARKS S OIF ICRYE LES SLOLSE 
2614S. JAM ORIRICH L CHIR elke Ie 
PASSA Ze Ht ICE EL, MOM E IR 
PL UDC EOBRA RICCI LTE, bP Tee 
Fe) CHE OL HAIASESIC RBS HS LILES MH 
Vs. CEPA CLE OF BILVLAHIC BAH 
DID, KARO EA O HEH IL < AAT AE CHD 
3. Lictico CHEK LiL LTS ABIC MSR 
EMA < eS LILA OH. COCH 
KADY YY s VETHEIONCDV Tht oo 
BIBLES S. KE CO KIILMEE OR IEW 
RNA Cho, CO CMMIEIC ELIS 
EBLETEMCES. 

HALL$> 4) VL 7 + AA OBA CHS IR MES OPH SEF 
eMC Sx Se TERM AMA XH So LAr 
, Mabe Wd Ba a ESR & ERE 7 BUD SL 5B 
UTS. Lal, COMBA, FRUCMAK LF 


March 1960 


MANE BEIT A > te A DSA & DURE HE 
DPCWKLEFZ SHAD, DFLLESRBHeEA 
DMI OA & BETES SD LIME CX 
Tey, COMMA LERRTCIEZ, KCN, NaNz +4 
CMe SZ SLY OMB E ADF 
TAR Bz pe aR < HL, WAC eR ECW EIS 
AIDA RM RAE RILT Fo RRA MINS Se Lie 
ko CERAM Ahic. Le bPASAL PICT 

Fy He 5 2 BA ITID RI EU A Rh Oh 
HObNS. CHhbSO2LDb#Z41L, HS RES 
BA SAAS BAS OSE A BUH ei UC AR RA 
DE$OTC, RIMLMOTA THEMES 2 dSHriswMie 
ARMIRA MDS LOLEZ HHS. 

SC OABS RRR SAIY +2 BE KCN, 
NaNs ClLAH RMR GH, CO CMC Hew 
HIRES S. Bb< MoOKBOBAILB MH bE 
AIDC CIO, CORDCHKAMALLSSH 
CARMEL BDO bONHKEOKRL, SHOWS 
jiORS RERARSORRE UCHR WHE 
fFHOADEDNED CHA 5. 

= CUR LICR Clk = BYR EZSTLITE 
Lo CAHRWMROSL<S HD bik. Lael, # 
H]*) 4) (A7 + AA OFLA So VARA RIT IZ 
LC DEF PRISAS Sito eR L, 7TH 
DA DAO FEF MICIE 7 = VY MEIKE BSS Lie 
WOCTILEWRDES Ze. —H, Liverman 5) it 
AF EL CI=VBRAKAOMRMPK IRL XD 
DOI BCERAL, TEFBME CH OOM CIE 


x 


1) Kraus, F.J., and Kraybill, H.R., Ore. Agr. Exp. Sta. Bull. 149 (1918). 
3) Nakayama, S., Bot. Mag. Tokyo, 68 : 61 (1955). 


und Glaes, H., Naturwiss. 31: 249 (1943). 


4) ——, Memo. Fac. Lib. Arts Edu. Miyazaki Univ. 1:7 (1957). 
Fac. Libe. Arts Sci. Shinshu Univ., 8 (Part 2): 7 (1958). 
YS, WAM, 72: 462 (1959). 8) 


J., Bot, Gaz. 151: 121 (1953). 7) 48H 
Stumpf, P.K., Plant Physiol. 32: 492 (1957). 


SHIBATA, O. 


123 


SHALE LUCA. CHL) Ch CEH 
DDIEDHZRORM, FvVaveoOMWTREM 
wits So Lem Lic. CCICMS Liz ave 
Oh F RIBRRHEE A, BI FrO RIC 
FULEb$ODDDSEWAM, YY av eCULI= 
VEGI e UES So Lek CHR RIED AD 6 
NMEbDLE#Z SNS. KE USBI BVM 
LL) BRAD EM CHEASHCS8) OC, re 
VARS 7 = YARRA OA CHS, HORI AK 
EAL Cha FRI EME LE EWG CE RER 

bh, CORRS bICHMLKRA DEES S. 

As #2 ¥ fet NaF 252452, JAF RIG MR OM 
SCI LCE ORAS LX BBCHORT Las 
6, Mbt Lehi FRR OFA CLG BOs AN 
—BURETSEbLOLEEZ bNS. Hie As Ha S 
ATES BGR CLI FR DFE ADE ITH D so KO 
MeL, PHATE SLIER Cok LIZ 
COPE EET SEOCHA 5. NaF } fa FR 
REO AMMEN SH SB MMAMES <<, EL LUCE 
LOWFROGA LABS SELOD LI CHS. 

af OFARABIt KCN, NaN3 #5224 
KAHNE, CHIR HAM, EKILOH 
Rio TERK SNEWHROA RH OBS iG UC 
Cok bOL dna. 


= OWE RFT ie COV ChE AE Re tee 
Vo Pera AICHE BTS. 


fk 
2) Merchers, G., 


5) Shibata, O., Jour. 
6) Liverman, J.L., and Bonner, 
Giovanelli, J., and 


Summary 


1) The experiments were undertaken to study the influences of certain enzyme inhibi- 
tors on the photoperiodic responses of a water fern, Salvinia natans. 

2) Plants were subjected to 8-hour photoperiod for 5 days. KHzAsO,, NaF and malonic 
acid were added to the nutrient solution throughout the light and the dark periods. KCN 
and NaN; were applied during the light or the dark period, and CO only during the dark 


period. 


3) KH2AsO, and NaF inhibited the development of sporocarp in lower concentrations, 
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and the initiation of sporocarp in higher concentrations. The inhibitory effect of KH:AsO, 
was removed by the simultaneous application of KH2POx,. 

4) KCN and NaN;, either being an aerobic inhibitor, inhibited sporocarp initiation 
especially when given to the plant during the light period. These enzyme inhibitors, 
however, promoted photoperiodic responses when supplied together with glucose. 

5) CO and malonic acid considerably promoted sporocarp initiation. 

6) It is considered that the interception of citric acid cycle promotes photoperiodic 
response, and that the inhibitors of heavy metal-containing enzyme inhibit photoperiodic 
response by preventing photosynthesis or related processes, but promote it if the sufficient 
carbohydrates are given to the plant. 
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Uber die Wirkung der Pflanzendiffusate auf die Streckung des 
Sprosses und die Bliitenbildung von Pharbitis Nil Chois. 


von Yukiyoshi OGAWA* und Shun-ichiro IMAMURA* 


Eingegangen am 9, September 1959 


Seit Lang") sind viele Falle bekannt geworden, in denen Gibberellin die Bliiten- 
bildung der Pflanzen verschiedener photoperiodischer Typen férdert?-’). Es ist von 
Phinney*) und anderen Forschern®-!*) gelungen, das Vorkommen von Gibberellin 
ahnlichen Substanzen in hdheren Pflanzen nachzuweisen, Substanzen, die nicht 
nur auf das Streckungswachstum sondern auch auf die Bliitenbildung regulierend 
zu wirken scheinen!®:"*). Hyoscyamus niger und Samolus parviflorus konnten durch 
Endospermsaft von Echinocystis macrocarpa unter nicht zusagenden Temperatur- und 
Lichtbedingungen zur Bliitenbildung veranlasst werden"). Bei einer Kurztagpflanze, 
Pharbitis Nil, war dies auch der Fall, wie friiher vorlaufigerweise mitgeteilt worden 
ist*5.16), 

In der vorliegenden Arbeit werden weitere Beobachtungen iiber die Wirkung und 
Verbreitung der bliihfordernden Substanzen in verschiedenen Pflanzenmaterialien mit- 
geteilt. 


Material und Methode 


Als Versuchspflanze dienten Keimlinge von ,,Kidachi‘‘, einem Zwergmutanten von 
Pharbitis Nil Chois., der in unserem Laboratorium als Testpflanze fiir bliihbeein- 
flussende Wirkung von aussen zugefiihrter Substanzen benutzt wird. Die Testmethode 
von Gibberellin mit ,,Kidachi‘‘ ist an anderen Orten eingehend mitgeteilt worden'’). 
, Kidachi‘‘ ist nicht nur gegen bliihfordernde sondern auch gegen streckungsfordernde 
Wirkung von Gibberellin sehr empfindlich. Man kann deshalb die beiden Wirkungen 
der Diffusate an ein und demselben Individuum beobachten. 

Die nach H:SO,-Behandlung griindlich gewasserten Samen wurden in Saatkisten 
in 4 oder 5 Reihen ausgesét. Am zweiten und dritten Tage nach dem Auskeimen 
wurde der Vegetationspunkt mit Hilfe einer Mikropipette mit der Testlosung tropfen- 
weise versetzt. Die Kontrollpflanzen, die in derselben Reihe mit den Versuchspflan- 
zen standen, wurden mit Wassertropfen versetzt. 

Nach Zufuhr von Diffusat wurden die Keimlinge Dunkelperioden verschiedener 
Dauer ausgesetzt, indem man jede Pflanzenreihe mit einer schmalen Kiste von geeig- 
neter Grésse lichtdicht bedeckte. Eine besondere Vorrichtung zur Durchliiftung wurde 
dabei nicht angebracht. 

Die Dauer der Verdunkelung, der die einzelnen Pflanzenreihen ausgesetzt wurden, 
war so gewahit, dass die Kontrollpflanzen bei langerer Dunkelperiode viele, dagegen 
bei kiirzerer Periode keine Bliitenanlagen bildeten. Meistens benutzten’ wir Dunkel- 
perioden zwischen 8 und 12 Stunden mit Zeitintervallen von 1 oder 2 Stunden. Die 
kritische Dunkelperiode der Rasse liegt zwischen 8 und 9 Stunden; sie unterliegt einer 
Schwankung je nach den inneren und 4usseren Bedingungen. Selbst unter konstanten 
Aussenbedingungen ldsst sich eine Anderung in der photoperiodichen Empfindlichkeit 


* Laboratorium der Angewandten Botanik der Landwirtschaftlichen Fakultat, Kyoto Univer- 
sitat, Kyoto, Japan. 
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beobachten. Bei gedampfter Empfindlichkeit kann oft eine 10-stiindige Dunkelperiode 
unwirksam sein. Daher ist es ratsam, mit Dunkelperioden von verschiedener Dauer 
zu arbeiten. 

Nach experimenteller Behandlung, bei der die Haufigkeit von Stoffzufuhr und 
Verdunkelungsdauer bei einzelnen Versuchen variierten, wurden die Pflanzen in 
Gewichshaus unter ununterbrochener Beleuchtung kultiviert mit naturlichem Licht 
am Tage und Gliihlampen in der Nacht. 

Etwa drei oder vier Wochen nach der Dunkelbehandlung, d.h. etwa 4 oder: 5 
Wochen nach dem Aussden, wurde die Sprosslange oberhalb der Kotyledonen ge- 
messen und mit einem Binokularmikroskop bei schwacher Vergrésserung auf Bluten- 
anlagen untersucht. Als Massstab der Blithreaktion dienten die Zahl der Pflanzen mit 
den Bliihtenanlagen (Bliihprozent) und die durchschnittliche Zahl der Bliihtenanlagen 
pro Pflanze. Bei Versuchen mit schwacher Induktion, wie es in der vorliegenden 
Untersuchung der Fall ist, laufen beiderlei Grdéssen parallel. 

Wie schon friiher berichtet, unterliegt die Empfindlichkeit dieser Pflanze aus 
einer noch unbekannten Ursache einer ziemlich starken Schwankung; nur die Daten 
von ein und demselben Versuche, die am bestimmten Tage unter bestimmten 
Bedingungen erhalten wurden, sind miteinander vergleichbar. 


Versuchsergebnisse 


A. Wirkung der Diffusate von unreifen Samen von Pharbitis Nil und Phaseolus 
vulgaris. 


Wie aus Tabelle 1 zu ersehen ist, ruft das Diffusat von Pharbitis eine deutliche 
Forderung der Sprossachsenstreckung sowie der Bliitenanlagebildung hervor. Mit 
abnehmender Dauer der Dunkelperiode tritt aber die Bliihforderung immer schwacher 
zutage. Bisher gelang es uns nicht, die Bliitenbildung bei einer Dunkelperiode von 
weniger als 7 Stunden hervorzurufen. Da die kritische Dunkelperiode der benutzten 
Rasse zwischen 8 und 9 Stunden liegt, kann man sehen, dass die Bliihférderung sich 


nur bei kritischer Dunkelperiode beobachten lasst. Das Diffusat von Phaseolus vulgaris 
hat auch eine ahnliche Wirkung (Tabelle 2). 


B. Vorkommen der wirksamen Substanzen in verschiedenen pflanzlichen Mate- 
rialien. 


Um die Verbreitung der wirksamen Substanzen im Pflanzenreich zu erforschen, 
wurden Extrakte aus vielen Organen von verschiedenen Familien angehorigen Pflan- 
zen auf ihre Wirkung gepriift. Stets wurden junge Organe zur Untersuchung heran- 
gezogen. Die Materialien wurden, wenn notig, mit Messer geschnitten und meistens 
nach Phinney’) in wasserhaltiges Azeton hineingetan. In einigen Versuchen wurden 
sie an Tierkohle adsorbiert und mit Azeton eluiert, um Begleitstoffe zu entfernen. 

. Die Lei wurde nach dem Augenmass geschatzt und in einigen Fallen mit 
er von ibberellin verglichen, das eine ahnliche Wirkung auf diese Pflanze ausiibt. 
Oft : erfahrt der Vegetationspunkt durch das Diffusat eine mehr oder minder starke 
Schadigung. ¢ Auch ist das Herausdiffundieren der Substanz aus den Materialien nicht 
mes eee und kann in einzelnen Fallen verschieden stark sein. Daher kénnen 
ergs a5 ior i eine hohe Genauigkeit in Anspruch nehmen, doch kénnen 
Saskia ete ” sere ier ae Verbreitung der Substanzen in verschiedenen 


Besonders wirksam waren die Samen von Pharbitis Nil, Quamoclit angulata, 
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Tabelle 3. Vorkommen der wirksamen Substanz in verschiedenen Pflanzen. 
Etwa 100g. Material extrahiert und in etwa 1 ml. Wasser aufgenommen. 
Az: Extraktion mit wasserhaltigem Azeton; Al mit Alkohol; A: mit Ather und W: mit 
Wasser. T:; adsorbiert mit Tierkohle aus wasseriger Lésung und eluiert mit Azeton. 
S: behandelt direkt mit Samensaft. Wirkung + sehr schwach, -+ schwach, -+-+ deut- 
lich, -+-+-+ stark, -+-+-+-+ sehr stark, -+-+-+-+ entspricht ungefahr der Wirkung von 
50-100 pg./ml. Gibberellin-Lésung. 
Ausgefiihrt von Mai bis November 1958. 
Wirkung auf 
Pflanze Organ : ee Bemerkung 
Sprossstreckung’| Bliitenbildung 
‘ é Endosperm - = Az 
Gingko biloba ° oy 2s ao 
: Frucht ats = Az 
Coix Ma- Yuen % i » K 
Oryza sativa Frucht - ~ Az 
Frucht 55 - Az 
” -+ - AZ Ty 
Zea Mays 7 e ve W,T 
Kolben es 15 ie 
Blitenstand - = Az 
Trachycarpus excelsa " - = Az, T 
a - = W, T 
$ : Blitenstand - = Az 
Ficus Carica . m = Az, T 
Celosia cristata Bliitenstand - as WwW 
Blitenstand -+ = Az 
Raphanus sativus ” So = Az, T 
u -F = W, als 
Ricinus communis Frucht - - Az 
Hibiscus Manihot Frucht = ee Az 
‘ Samen eae = Az, 1 
Arachis hypogaea ey ro meniuas os # Az 
Canavallia ensiformis Samen -k-F -b-+ Az 
: : é Samen “++ = Az 
Cassia occidentalis 58 a + es 
Samen EE - Az 
Glycine Soja ” SE - Az, T 
Hilsenwand — - Az 
Samen “hab -b-b Oe abe Az 
Lupinus luteus ” there tHe bak Az, T 
Hiilsenwand -b-F +E Az 
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Tabelle 3. (Fortsetzung) 


Wirkung auf 


Pflanze Organ ‘ Bemerkung 
Sprossstreckung | Bliitenbildung 
: Samen el - Az 
Phaseolus angularis Hilsenwand 43 & AY 
Samen ee ses hg Az 
Phaseolus vulgaris ” -k-k-+ “K+ Azo. 
Hiilsenwand “F -+ Az 
Samen eke - Az 
Vicia Faba ” ae - AZ, ok 
Hilsenwand - - Az 
Vigna Catiang var. Samar ae = Az 
sinensis 
Samen -F = Az 
Vigna sinensis ” -F - Az, T 
Bliitenstiel - - Az 
. Samen 4-*F + le bs Az 
Calonyction bona-nox Bliitenstiel n A ‘Az 
Spross im Langtag - - Az 
” + = Az, T 
Spross im Kurztag - = Az 
” 35 — Az, T 
Etiolierte Keimlinge + _ Az 
Pharbitis Nil ” + — Az, T 
Samen F-F-F +--+ Az 
” FFE “hes WwW 
” “heb “kb FE Al 
” “K-F +b A 
” “b-F “bb S 
Quamoclit angulata Samen ase pe Az 
Quamoclit pennata Samen afte Bie Az 
Sesamum indicum Frucht = = Az 
Samen “bk RE “h-R-F Az 
Sechium edule ” BF Seg 22k BS Al 
” + eb-R-F 5 ae S 
Cosmos bipinnatus Bliitenstand ~ - Az 
Erigeron annuus Bliitenstand + - Az 
Helianthus annuus Bliitenstand - - Az 
Helianthus tuberosus Knollen - - Az 
Rudbeckia bicolor Blitenstand Se - Az 
Xanthium canadense Frucht 
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Quamoclit pennata, Calonyction bona-nox (Convolvulaceae), Sechium edule (Cucurbita- 
ceae), Canavallia ensiformis, Phaseolus vulgaris, Lupinus luteus (Leguminosae). Ein 
grosser Unterschied im Gehalt lasst sich aber zwischen nahe verwandten Pflanzen wie 
Phaseolus vulgaris und Phaseolus angularis beobachten. Auch haben die Hiilsenwiande 
der genannten Leguminosen und die Frucht von Coix Ma-Yuen eine schwache bliith- 
fordernde Wirkung gezeigt. Mit wenigen Ausnahmen geht die Wirkung der Diffusate 
auf die Bliitenbildung mit der Streckungsforderung der Sprossachse Hand in Hand. 
In den meisten Fallen aber tritt die erstere viel schwacher auf alsdie letztere: Viele 
Diffusate aus Samen und Bliitenstanden férdern zwar die Sprossstreckung, nicht aber 
die Blitenbildung. Bei Pharbitis zeigt das Diffusat aus etiolierten Keimlingen und 
Sprossen nur eine schwache Streckungs- aber keine Bliihférderung. Die photoperio- 
dischen Bedingungen, unter deren Pharbitis gezogen war, iiben keinen Einfluss auf die 
Wirksamkeit der Diffusate aus Sprossen. 

Die Substanzen kénnen mit Wasser, Athylalkohol und Ather ebenso gut wie mit 
wasserhaltigem Azeton ausgelaugt werden, und lassen sich aus wédsseriger Lésung 
durch Tierkohle adsorbieren. 


Schlussbetrachtung 


Dass Gibberellin Bliitenbildung und Streckung des Bliitenschafts hervorrufen kann, 
ist eine bekannte Tatsache. Gibberellin kann nicht nur die Kalte bei vielen kdlte- 
bediirftigen Pflanzen sondern auch den Langtag bei vielen Langtagpflanzen ersetzen. 
Nachdem iiber eine hemmende Wirkung bei den meisten untersuchten Kurztagpflanzen 
mitgeteilt wurde’:'*®), sind zwei Falle bekannt geworden, wo Gibberellin auch eine 
bliihfordernde Wirkung auf die Ausbildung von Bliitenanlagen bei den Kurztagpflanzen 
zeigte’®:!°), Xanthium saccharatum und Pharbitis Nil kénnen durch Zufuhr von Gib- 
berellin-Losung mehr Bliitenanlagen, im Vergleich mit den Kontrollpflanzen, ausbilden. 
Aus der Arbeit von MacMillan’), der Gibberellin A: aus unreifen Samen von Phaseolus 
multiflorus isoliert hat, scheint die bliihfordernde Wirkung der pflanzlichen Diffusate 
auf Gibberellin zurtickzugehen. Da bei den in der vorliegenden Arbeit beschriebenen 
Versuchen die Bliihforderung mit der Forderung der Streckung der Sprossachse Hand 
in Hand geht, konnen wir auch hier mit etwas ahnlichem zu tun haben. Bisher 
gelang es uns nicht, die Bliitenbildung von Pharbitis bei ununterbrochener Beleuchtung 
hevorzubringen. Wie von Okuda eingehend berichtet wurde*'), ruft Gibberellin eine 
bedeutende Foérderung der Zellteilung in jungen Geweben hervor und beschleunigt das 
Auftreten von Blattanlagen am Vegetationspunkt. Dies ist auch der Fall bei den 
wirksamen Pflanzendiffusaten. Es ist hochst wahrscheinlich, dass der wirksame Stoff 
durch Steigerung der Aktivitat des Vegetationspunktes die Wirksamkeit des in der 
Dunkelperiode im Blatt ausgeiibten Effektes verstarkt und dadurch indirekt die Bliiten- 
bildung fordert. 

Doch beobachteten wir in einigen Fallen, dass die Bliihforderung keine Steigerung 
der Sprossstreckung mit sich fiihrt. Ob wir durch irgend eine chemische Behandlung 
der Diffusate oder sonstwie die beiden Wirkungen trennen kénnen oder durch Zugabe 
grdésserer Mengen der Substanz die Bliitenbildung unter kontinuierlicher Beleuchtung 
hervorrufen kénnen, steht noch offen. 


Zusammenfassung 
1) Das Diffusat von unreifen Samen von Pharbitis Nil fordert die Streckung der 
Sprossachse und die Bliitenbildung bei einem Zwergmutanten derselben Art unter 
kritischen photoperiodichen Bedingungen. 
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2) Ahnliche Substanzen sind weit verbreitet und kommen in grossen Mengen 
vor besonders in den Familien der Convolvulaceae, Cucurbitaceae und Leguminosae. 
3) Die bliihfordernde Wirkung kann zur Zeit von der streckungsfordernden Wir- 
kung nicht getrennt werden. Ebensowenig konnten die Pflanzen durch die gepriiften 
Substanzen unter ununterbrochener Beleuchtung zur Bliitenbildung veranlasst werden. 
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IV. Some Physiological Functions Concerning Matter 
Production in Young Abies Trees* 
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It is not only physiologically but also ecologically of interest how and to what 
extent the physiological function of a plant is affected by its life history. Concerning 
this problem, many workers'—'*) have studied especially the shade tolerance of plants, 
and distinguished the differentiation in photosynthetic response to light of the sun- 
and the shade-leaves. Ecologically to make clear the development of a plant com- 
munity, however, an important problem firstly to be solved is whether such a 
differentiation exists between the size classes of constituent plants. According to 
a previous paper’), the light factor in the Abies stand on Mt. Shimagare is micro- 
climatically extremely different among tree classes, as the canopy of each class is 
situated at different strata where the illumination rapidly decreases towards the 
ground. 

In the present paper, the dominant, intermediate and suppressed trees in a 20- 
year-old Abies stand of Forest Unit V are compared with each other in photosynthesis, 
respiration, and nitrogen content of organs. These characteristics will also be com- 
pared between Abies Veitchit and A. Mariesii, which are two main species of the 
subalpine coniferous forest. Here will be discussed the age effect of needles on their 
photosynthesis and respiration'**'), and the relation of branch and trunk diameter to 
their respiration as studied in beech by Moller ef al.??). 


Method 


From each of the dominant, intermediate and suppressed classes which were 
classified on the basis of the frequency distribution of tree height'*), a few samples 
of Abies were selected, being respectively about 110, 80 and 60cm. in average height 
and about 230, 60 and 8g. in average dry weight. Photosynthesis (at 0.03 vol. per 
cent of CO,) and respiration were measured by the partially improved Boysen Jensen 
method?.2*) mostly in the summer seasons of 1957 and 1958. In one-year-old needles 
(current) and branchlets, however, the measurements were performed late in August 
after their maturity. Nitrogen content of needles and branchlets was determined by 
the micro-Kjeldahl method. 

The intact or the detached branchlets covered with needles of the same age, 
being selected from a shoot of a big lively branch, were used for the measurements 
of photosynthesis at the laboratory under controlled conditions of illumination and 
temperature. Sometimes, photosynthesis measurements were also made in intact 
shoots under field conditions. The photosynthesis in needles themselves was assessed 
by adding the respiration of the branchlet without needles to the amount of photo- 
synthesis of the shoot as a whole. Light intensity was determined just above the 


* Supported by the Grant in Aid of Scientific Research of the Ministry of Education. 
** Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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assimilation chamber with the electric photometer (Toshiba No. 5), and leaf tem- 
perature, by means of the copper-constantan thermoelement (dia.: 0.02 mm.) at the 
lower side of needle in the assimilation chamber. In the field the leaf tempera- 
ture was deduced from the air temperature in the assimilation chamber by using the 
difference between both temperatures determined in the laboratory. 

Respiration was measured in various organs; needles of each age, cylindrical 
branchlets which were divided into each branchlet diameter class and into each age 
class, an entire conic trunk and a whole root system. These organs were put into 
a dark respiration chamber under moist condition, shortly after being detached from 
a tree. For example, the entire root system was measured in respiration immediately 
after it was cut off from the stem, entirely washed, and wiped with filter paper. 


Photosynthesis 


Net photosynthesis in a shoot depends not only on the photosynthesis in the 
leaves but also on the respiration in the leaves and the branchlets. In relation to 
temperature, this fact must induce that the optimum temperature for net photo- 
synthesis of shoot decreases with diminishing illumination intensity as shown by Pisek 
and Winkler”‘). However, the gross photosynthesis computed from their data has 
shown a constant optimum temperature independ- 
ent of illumination. Fig. 1 indicates gross photo- 
synthesis curves of A. Veitchii illustrated against 
leaf temperature; they were observed under a 
saturated illumination of 30 kilolux in the needles 
of various years old. The optimum leaf tempera- 
ture was found at about 20° independent of needle 
ages. Nearly the same optimum temperature was 
obtained for needles of 1 and 3 years old of A. 
Mariesii, under the same light condition. Asa re- 
sult of these investigations it seems generally to 
be concluded that the optimum leaf temperature 
for gross photosynthesis in Abies needles is 
20° independently of illumination intensity and 
needle age. So the light-photosynthesis curve was 
determined at the temperature. The photosynthetic 
rate obtained under the field conditions varying in 
illumination and temperature was revised to the 


Gross photosynthesis 
S 


10 20 30° 
Leaf temperature 
Fig. 1. Gross photosynthesis (mg. 
CO,/100 sq. cm. of unilateral needle 
area/hr.) at 30 kilolux for the inter- 
mediate Abies Veitchii tree of 20 years 
old. Figures on the curves stand for 
needle age. Three curves for one- 
year-old needles, from lower to upper, 
correspond to photosynthesis in very 
young (in June), just matured (in July) 


and matured needles (in August), 


respectively. Mean values for a few 
measurements. 


value at a leaf temperature of 20° in the cor- 
responding illumination, according to the relation 
of photosynthesis to leaf temperatures shown in 


Fig. 1. 

The light-gross photosynthesis curves (on a dry weight basis) for new needles 
of A. Veitchii are given in Fig. 2 which indicates the difference between the domi- 
nant and intermediate: the former was possessed of a higher photosynthetic rate of 
needles than the latter’s, over the whole range of light intensity adopted. In each of 
needles of various years old the light-saturated photosynthetic rate decreased with the 
diminution in tree size (Table 1). Such differences among tree classes became more 
decisive on a needle area basis than on a needle weight basis (Fig. 2), because of 
the large thickness of needles in the dominant (Fig. 3). For instance, in the needles 
of 2 years old of A. Mariesii, the light-saturated gross photosynthetic. rates for the 
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mg. CO,/hr. 
20 


-—_—_—— 
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Photosynthesis 


0 20 fe 
Illumination a 


Fig. 2. Light-photosynthesis curves of 
one-year-old needles in Abies Veitchii trees 
20 years old, at 20°. Upper two curves, 
dominant tree; lower two curves, inter- 
mediate tree. Solid lines, on a needle area 
basis (100 sq. cm., unilateral); broken lines, 
on a needle dry weight basis (g.). Open 
circles, at the laboratory; solid circles, in 
the field. 


Leaf dry matter index 


Needle age 


Fig. 3. Relation between needle age (year) 
and “leaf dry matter index” (g. needle dry 
weight/100sq.cm. of unilateral needle area) 
in Abies Veitchii (open circles) and A. Maries 
(solid circles), 20 years old. Large circles, 
dominant trees; small ones, suppressed trees; 
and inbetween, intermediate trees. Upper- 
most, broken line indicates a intermediate A. 
Vettchit tree of 40 years old. 


Table 1. Net photosynthesis, respiration (at 20°) and nitrogen content in needles of 
the dominant, intermediate and suppressed trees of 20 years old of Abies Veitchit 
(A. V.) and A. Mariesii (A. M.). The values in parentheses were estimated from 
the relationship between physiological activity and nitrogen content (Fig. 9). 
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dominant and the suppressed were on a needle area basis in the ratio of 100:50, 
while on a needle dry weight basis they were 100:73. . 

With ageing of needles, the light-saturated photosynthesis in the intermediate A. 
Veitchii. decreased over a whole temperature range (Fig. 1) and the photos 
measured in the dominant A. Mariesi at an optimum leaf temperature of 20 decreased 
over a whole illumination range (Fig. 4). The 
same tendency was also observed in each tree 
class ‘of both tree species (cf. Tab. 1). There- 
fore, it is generally conclusive that with ageing 
of needles the photosynthetic rate decreases in 
every tree class over whole ranges of illumina- 
fam tion and temperature. This depression in photo- 
synthesis becomes more conspicuous on a dry 
weight basis than on a needle area basis, as 
the needles increase in their thickness with 

0 10 20 30 Klux ages, 

Illumination The light-saturation point in photosynthesis 
Fig. 4. Needle age effect on photo- was generally higher in the dominant than in 
synthesis at 20°, in the dominant Abies the suppressed, and further in the former the 
Mariesii tree of 20 years old. Figures difference was observed among needles of dif- 
stand for needle age. Solid lines, on a ferent ages, but in the latter it was not found 
needle area basis (100sq.cm., unilateral); 4+ a1] (Table 1). Sucha difference between tree 
moe pease Bihan Lae ae kt se classes seems to be due to the difference in 
hasta Ea) light environment between them. In the sup- 
pressed, all needles are shaded by the canopies of the larger tree classes. — Relative 
light intensities of only 6 and 4% in average were respectively obtained at the upper 
and lower parts of the canopies of suppressed trees in an Abies stand of 20 years 
old'®).—So all of them were naturally characterized with shade-leaves of lower light- 
saturation point. In the dominant trees, illumination prevailing on the needles would 
decrease with ageing of needles from full light to depressed one, as the older needles 
distributed inside the crown were shaded by younger needles developing at the open 
outside of the crown. Consequently, the older the needles, the more distinctly they 
behave as shade-leaves in photosynthetic characteristics. 

In each of needles of various years old of respective tree classes, the light- 
saturated photosynthesis and the light-saturation point were higher in A. Veitchii 
than in A. Mariesii (ref. Table 1). The difference in photosynthetic rate between 
these two species was shown more clearly on a needle weight basis than on a needle 
area basis, because the former was thinner in needle thickness than the latter. 

The above-mentioned optimum leaf temperature for photosynthesis in these sub- 
alpine Abies species (the annual mean air temperature at Mt. Shimagare was assessed 
as —0.3°*5)) appears to be fairly lower than that in broad-leaved evergreen trees which 
constitute the laurel forest in the southern part of Japan. As to the latter, the 
optimum leaf temperature of about 30° in summer, and of about 25° in winter can 
be estimated from the air temperature optimal for photosynthesis which was deter- 
mined by Kusumoto”’) at Kagoshima where annual mean air temperature is 16.6°. 
These facts may suggest the general trend that colder the habitat the lower the 
optimum leaf temperature for photosynthesis, in accordance with Pisek and Winkler’s**) 
where the temperature optimum for photosynthesis was discussed in Picea excelsa and 
Pinus cembra etc. Furthermore, an optimum temperature of about 18° was reported by 
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Lundegardh*) for net photosynthesis at normal CO; concentration in major crop 
plants in Sweden. This optimum temperature, which seems rather too low, would 
be induced by the fact that his temperature-photosynthesis curve was made on the 
basis of the air temperature in the assimilation chamber instead of real leaf tem- 
perature which must be responsible for the physiological functions. Even though 
the assimilation chamber is sunk in cool running water, the leaf temperature should 
be generally higher than the air temperature on account of overheating of leaf by 
radiation, as reported by Tranquillini??). The leaf temperature which was measured 
in the assimilation chamber under the same conditions as in the photosynthetic 
measurement (0.006 m./sec. air movement; 30 kilolux light intensity; at 10cm. depth 
in running water), was 2.7° at Fagopy- 
rum esculentum leaves (cf. Fig. 5) and 
2.0° at Abies needles higher than an 
air temperature of 20° in the chamber. 
Such a temperature difference increased 
at lower air temperature but decreased at 
higher one, as shown e.g. in Fig. 5. Pro- 
vided that temperature-photosynthesis 
curve is configured, as seen e.g. in 
Walter’®), Stalfelt?*), Lundegardh®), Kusu- 
moto**.5°), through plotting photosynthe- 
tic rates against air temperatures, the 
obtained curve will give an _ under- 
estimated optimum temperature, as the 
photosynthetic rate will be overestimated in the lower temperature range but under- 
estimated in the higher temperature range in comparison with the real photosynthe- 
tic rate against the leaf temperature. 


Rise of leaf temperature 


Air temperature 


Fig. 5. Rise of leaf temperature of Fagopyrum 
esculentum compared with air temperature in 
the assimilation chamber. 


Respiration 


The dominant, intermediate and suppressed Abies were compared with each other in 
respiration of needles of the same age (cf. Table 1). The needle respiration, especially 
on a needle area basis, was the highest in the dominant and the lowest in the sup- 
pressed, as the needle thickness increased with increasing of tree size (see Fig. 3). 
In each of these tree classes, the needle respiration was decreased with ageing of 
needles, and it appeared more clearly on a needle weight basis than on a needle 
area basis, on account of an increase in needle thickness with needle ages. In each 
needle age and tree class, the needles of A. Veitchii had a somewhat higher respira- 
tion than that of A. Mariesii on a weight basis, but not always on an area basis. 
These relationships of the needle respiration to the tree class, needle age and tree 
species accord with those in photosynthetic activity already mentioned. This can be 
elucidated by a close relationship between respiration rate and photosynthetic rate in 
Fig. 6, where it is represented in a curvilinear line different from the linear one 
observed in rice plants*!.3?). 

In the various tree classes of the Abies stands of 14, 20 and 23 years old, the 
respiration rates measured at 25° for entire conic trunk and cylindrical branchlet were 
plotted against the basal diameter of trunk and the branchlet diameter measured at 
the middle of branchlet (Fig. 7-A and -B). In each tree class, the respiration rate 
on a dry weight basis gradually decreased with increase in diameter throughout the 
branchlets and trunks (Fig. 7~A), while the respiration rate on a surface area basis 
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Fig. 8. Temperature-respiration 
curves for entire trunk and root 
system of Abies trees 20 years old. 
I, intermediate trees; S, suppressed 
trees. Solid lines, A. Veitchii; 
broken lines, A. Mariesii. 
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Respiration 


1.0 


0 0.5 
Diameter 


Fig. 7. Relation of respiration (mg. CO, out- 
put per hr., at 25°) of entire trunk to the basal 
diameter (cm.) and that of branchlet to its dia- 
meter (cm.). A, on g. dry weight basis; B, on 
50 sq. cm. surface basis. 14-, 20- and 23-year-old 
Abies stands. Signs mean the same as in Fig. 6. 


was related to diameter obscurely in the trunk but 
reversely in the branchlet (Fig. 7-B). These facts 
accord with the results obtained by Mller ef al.??) 
in beech. The respiration rate of trunk with the 
same diameter was the lowest in the suppressed, 
but the respiration rate of the dominant, on a sur- 
face as well as on a weight basis, was not always 
higher than that of the intermediate. In Fig. 8, re- 
garding temperature-respiration curves for trunk and 
root system the difference is found between the in- 
termediate and the suppressed, whose basal diameters 
were 0.5 and 0.3cm., respectively, and the curves 
obtained in the suppressed are much lower than those 
in the intermediate over the whole range of measured 
temperature. Between both Abies species, there was 
no much difference in the respiration rates of trunk, 
branchlet and root system (see Figs. 7 and 8). 


Nitrogen content 


It has been revealed by many authors!’.3*-#) that 
deficiencies in mineral nutrients depress photo- 
synthetic activity as well as plant growth, and by 
some of them**.®*.4!,42) that there exists a close rela- 
tionship between photosynthetic activity and nitrogen 
content of leaves. In this connection some investi- 
gations were carried out in needles and branchlets 
of the Abies. 

Tree classes were compared with each other in 
the total nitrogen content in each of needles of various 
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years old (cf. the last column of Table 1). The content decreased on a dry weight 
basis with aging of needles, but not always on a needle area basis because of large 
thickness of aged needles. In the needles of the same age, the nitrogen content 
decreased in the trees of the lower size class, and the decrease was expressed more 
markedly on an area basis than on a weight basis, as the needle thickness diminished 
with tree size diminution. For instance, the nitrogen content in the two-year-old 
needles of dominant, intermediate and suppressed A. Mariesii was on an area basis 
in the ratio of 100:84:57, and on a dry weight basis 100:96:90. The needle nitrogen 
content was higher in A. Veitchii than in A. Mariesii on a dry weight basis, but 
almost the same in both Abies species on a needle area basis, on account of the larger 
thickness of the Mariesii needles. 

A similarity to the relationship above discussed of needle nitrogen content to nee- 
dle age, tree class and species, was observed in the relationship of photosynthetic 
and respiratory activities to these characters. For instance, with regard to ageing of 
needles in a dominant tree of A. Mariesii, the ratio in the total nitrogen content of 
1-, 2-, 3- and 5-year-old needles was 100:87:84:78, and that in the light-saturated 
gross photosynthesis of the corresponding needles, 100:85:67:29, on a dry weight 
basis. Such a parallelism between these activities and the nitrogen content is well 
understood by linear relations between them shown in Fig. 9. This suggests that 
the physiological functions of needles are closely dependent on the amount of their 
protoplasm, which can be roughly assessed by total nitrogen content, as the major 
part of the latter may, according to Takeda and Maruta’s results in rice plants**), 
be occupied by the protein-nitrogen. 

The total nitrogen content in branchlets of various diameter is shown in Fig. 10, 
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Fig. 10. Relation of nitrogen content of 
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being summarized in respect to branchlet age. The content per unit branchlet dry 
weight decreased with increase of branchlet diameter and age, and with size diminu- 
tion of the trees. The nitrogen content per unit branchlet surface, however, increased 
with branchlet diameter increase. For instance, in the one-year-old branchlets with 
0.05, 0.1 and 0.2cm. diameter (dry) of the intermediate trees, the relative values of nitro- 
gen content were on a weight basis 100:82:61, and ona surface basis 26:53:100. Such 
a relation of the branchlet nitrogen content to its diameter well accords with the al- 
ready mentioned relation between respiratory activity and dimension of diameter in 
branchlet. Between the two Abies species there was no significant difference in the 
nitrogen content of branchlet, as in the case of its respiration. This parallelism be- 
tween nitrogen content and respiratory activity in branchlet is quite reasonable as 
the respiratory functions are performed in the protoplasm where nitrogen is highly 
concentrated. It may also be expected, as observed in the distribution of respiratory 
activity in trunk of Fraxinus nigra‘), that the nitrogen concentration in branchlet 
rapidly increases from the lowest value in the center to the highest in the cambium. 

It has been brought into light that in the Ades trees, in accordance with the 
results of many other workers, the activity of physiological functions is closely 
related to the nitrogen content, and the more vigorous the trees are, the higher they 
are in their functions and nitrogen content. 


Summary 


Photosynthesis, respiration, needle thickness and nitrogen content were measured 
in the domidant, intermediate and suppressed trees in a 20-year-old Abies stand of 
the subalpine coniferous forest on Mt. Shimagare. 

1. Needle thickness increased with needle ages and with size classes of the trees. 
In general, the thickness was larger in A. Mariesii than in A. Veitchii. 

2. Photosynthesis and respiration decreased with ageing of the needles and with 
size diminution of the trees. The same trends were observed pertaining to the nitro- 
gen content of needles. These functions and content were generally higher in A. 
Veitchu than in A. Mariesii, especially on a weight basis. 

3. The needles of the dominant trees showed the characteristics of sun-leaves, 
and those of the suppressed, of shade-leaves, because these tree classes were situated 
in totally different light conditions within the Abies stand. 

4. The leaf temperature optimal for gross photosynthesis was in the Abies 
species about 20°, which was fairly lower in comparison with the optimum tempera- 
ture determined in broad-leaved evergreen trees in southern Japan, as accorded with 
the colder habitat of Mt. Shimagare. 

5. Respiration and nitrogen content in branchlet decreased on a dry weight 
basis, but increased on a surface area basis, with its increasing diameter. In the 
respiration of entire trunk and root system, the intermediate (and dominant) was 


higher than the suppressed. Between the two Abies species there was little difference 
in all these measures. 


The author's grateful thanks are due to Prof. M. Monsi and Prof. K. Hogetsu 
for their kind guidance under which this work was carried out. 
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On the Physiological Properties of Mimosine 
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Mimosa pudica L. is conspicuous because of the so-called sleeping movement 
which occurs under the influence of various stimuli. This quick and interesting 
movement is believed to be due to the turgor change of the pulvini of the plant. 
From the sap of the sprouts and roots of M. pudica, a substance has been extracted and 
designated as mimosine by Renz‘). It was later demonstrated by Adams ef al..*.+.°) 
and Brickel®.’) that mimosine is the same substance as leucenol extracted from ground 

seeds of Leucaena glauca Bentham, and is an amino acid, 3- 


rf hydroxy-4-keto-pyridylalanine. However, its physiological signifi- 
hui cance in M. pudica is hardly known. From the structure of 
C-OH mimosine found by Adams et ai.‘), the author expects that 
I mimosine may have antimetabolic properties, since it contains 
Bt a metabolite moiety (alanine), on the one hand, and a non- 
N metabolite moiety (pyridyl) on the other. 
CH,-CH-COOH Studies of mimosine have shown that it exerts an antagonistic 
NH; action against some amino acids and indoleacetic acid in the 
Mimosine 


growth of Escherichia coli. The substance is split in a few days 
by an enzyme, probably an induced one, of E. coli. Moreover, mimosine also proved 
to be split by an enzyme preparation which was obtained from pulvini of M. pudica. 
These reactions may play some role in the sleeping movement of the plant. In the 
present paper the antimetabolic properties of mimosine are dealt with. 


Materials and Methods 


Mimosine was prepared from the sap of M. pudica sprouts by means of a modifica- 
tion of Renz’s method'). Drops dripping from the cut ends of the sprouts were col- 
lected. A considerable amount of precipitate soon appeared in the sap, but some 
contamination with small tissue debris and fine sand could not be avoided. A small 
amount of water was therefore added to the sap and the precipitate was dissolved by 
heating and filtered. Absolute alcohol was added until no more precipitate appeared. 
The precipitate was collected and washed with acetone and subsequently with 85% 
hot alcohol. The washed material was dissolved in hot water and the solution was 
concentrated under diminished pressure giving a crystalline solid. The raw crystals 
were separated by decantation before the solution became viscous. By several re- 
crystallizations from water, a pure product (m.p. 228°) was obtained. The ninhydrin 
test and color reaction with ferric chloride or with Folin reagents agreed with those 
of both the mimosine reported by Renz and the leucenol of Adams ef al. In the mixed 
melting point test with the isolated crystal and leucenol recrystallized from cold water, 
no depression of the melting point was observed. Therefore, the crystal was identified 
as mimosine and used in the present experiment. 

The antimetabolic action of mimosine was tested by examining the growth inhibi- 
tion of £. coli and its reversal by some metabolites. The B strain of E. coli, which 
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was maintained by daily serial transfer in a glucose-salt medium, was used for the 
test. The composition of the medium was as follows: (NH.),HPQ, 1 g., KH2PO, 0.5¢., 
NaCl 2.5 g., MgSOQ,-7H:O0 0.1¢g., glucose 2.5g., distilled water 1000 ml. The reaction 
of the medium was adjusted with NaOH to pH 7.2. The growth experiments were 
carried out in the same medium. 

As possible antagonistic metabolites against mimosine, phenylalanine, serine, pro- 
line, histidine, tyrosine, tryptophane and indoleacetic acid were examined, because of 
their similar structure and the suggested participation of auxin in the movement of 
M. pudica. 

The growth of E. coli at 35° was measured turbidimetrically after 24 hours’ 
incubation, the determination being made with a photoelectric nepherometer of Atago 
Optical Works. The growth inhibition is represented by the following expression: 


reading of control—reading of test solution 
reading of control—reading of uninoculated medium 


x 100 


The destruction of mimosine was tested by paper-chromatography. 


Results 


The expected action of mimosine in inhibiting the growth of FE. coli is shown in 
Table 1. The antagonistic action against this inhibition is conspicuous in the case of 


Table 1. Removal of antibacterial action* of mimosine by analogous 
amino acids and JAA. 


Mimosine ae Per cent growth inhibition** 
(x 10-2 M) » Ls DES SIF 3 2 
Adjuvants none 1/64 1/32 1/16 1/8 1/4 2 
None 0 —5 44 67 91 100 
DL-tryptophane 10-!M 0 —2 23 43 WZ 93 
10-3 M 0 0 2 11 24 47 85 
L-proline 10-4+M 0 —2 33 53 81 100 
10-3 M 0 —5 19 34 65 81 
L-histidine 10-4+M 0 -7 28 60 86 100 
10-°M 0 0 12 42 70 86 
L-tyrosine 10-4M 0 —2 59 86 100 
10-*M 0 0 4 Ze 51 84 100 
DL-phenylalanine 10-3M 0 —2 Bil 60 87 100 
DL-alanine 10-3 M 0 0 12 35 77 100 
DL-serine 10-3 M 0 —2 ata 33 81 100 
L-asparagine 10-3 M 0 —A4 2 } 51 82 100 
IAA 10-§M 0 —2 4 22 78 100 
10-5 M 0) 0 8 27 72 100 


* Escherichia coli was used as the test organism and incubated for 20 hours at 35°. 
** See the text. 


tryptophane. Tyrosine and proline also considerably neutralize the toxicity of mimo- 
sine. Histidine shows a little weaker action than the preceding two in the respect. 
Alanine, serine and phenylalanine antagonize to some extent, but asparagine to a less 


extent. 
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Increasing concentrations of added tryptophane, the strongest antagoniser of mimo- 
sine, were found to improve the growth inhibited by mimosine. Ata tryptophane 
concentration of 10-?M, removal of inhibition was remarkable, but at a concentration 
of 10-*M, its effect was less, and at 10-*M there was no effect whatever. In the 
second-ranking group of antagonisers, tyrosine, proline and histidine, the titers of 
antagonizing action were always about half that of tryptophane, but these effects mostly 
disappear at a concentration of 10-*M. 

When IAA was added to the medium at concentrations of 10-*M to 10-*M, that 
is, concentrations actually found in plant tissues (except in roots), the growth inhibi- 
tion by mimosine at concentrations less than M/1600 was prevented in a non-competi- 
tively antagonistic way, according to the formula proposed by Shive*). 

On the other hand, growth inhibition by lower concentrations of mimosine dis- 
appeared after a few days’ incubation without addition of any metabolite. It was 
inferred that the detoxification of mimosine was caused by the destruction of the sub- 
stance by an enzyme (probably adaptive) formed by E. coli. The cultures in which 
the organisms grew in spite of the presence of mimosine were therefore filtrated 
through a Seitz-filter, and the bacterium-free filtrate was evaporated to dryness under 
diminished pressure. The residual matter was then extracted with 95% ethanol. The 
ethanol solution was concentrated and partitioned by paper-chromatography. The 
solvent systems used were (A) butanol-acetic acid-water (4:1:2 by vol.) and (B) phenol- 
water (100:23 by vol.). Toyo Roshi’s No. 52 paper was used. All runs were carried 
out at room temperature. The developed paper was sprayed with ninhydrin solution 
to develop a purplish orange reacting with mimosine. The R; value was about 0.12 
in the case of solvent system A, and about 0.51 in B. The spots corresponding to 
alanine and serine were also detected, together with a distinct spot of a yet undeter- 
mined substance in both solvent systems (Fig. 1). These points were not detected 
in the cultures without mimosine. 

These results suggest that mimosine is split by E. coli into alanine or serine and 
probably pyridyl residue. The hydrolysis of mimosine with hydrochloric acid or 
barium hydroxide was therefore tried. No spot corresponding to serine was detected 
on the paper-chromatogram obtained with either hydrolysate, although a spot corre- 
sponding to alanine was evident. 

It will be natural to suppose that in the mimosa plant which produces mimosine 
in significant amounts an enzyme (or enzymes) synthesizing or decomposing this sub- 
stance must be present. 

Therefore, 10g. of the excised pulvinus material was ground in a cooled blender 
with 30ml. of phosphate buffer of pH 6.0, and the homogenate was centrifuged at 
9000 g for 10 minutes. The supernatant solution was saturated with ammonium 
sulfate, giving an amorphous precipitate. This was collected and suspended in 10 ml. 
of cold distilled water, and dialysed overnight at 4°. The slightly turbid solution 
obtained was used as the enzyme solution. As the precipitate made by adding ace- 
tone to the solution proved to be less active than the original solution, the procedure 
was not adopted. 

Four different reaction mixtures of varied pH values were prepared. 0.5 ml. of 
the enzyme solution, 0.5 ml. of 1/400M mimosine solution and 0.5 ml. of buffer solu- 
tion of pH 5.0, 6.0, 7.0, or 8.0, were mixed in test tubes. Phosphate buffer could 
not be used in this experiment since, in the subsequent paper-chromatogram developed 
with solvent system A, it caused a faint yellow spot to appear just below alanine on 
spraying with ninhydrin. Lillie’s citrate and Michaelis’ barbital buffer were therefore 
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used. The control series without mimosine or the enzyme were also run. After 
Standing for an hour at room temperature (about 28°), each reaction mixture was 
spotted on the paper, and developed with solvent system A or B. In the lot of pH 
8.0, the spot corresponding to serine was clearly detected, although two other nin- 
hydrin positive spots were also detected (Fig. 2), one corresponding to mimosine and 


COONS) 


© 6 
5 6 || ® 
© ® 
PS Le SIGAS. | Seer eee 
A B A B 


Fig. 1. Paperchromatograms A and B 
showing typical separation of alcoholic ex- . Bie : 
tract of mimosine-containining culture fil- rin positive substances present in the 
trate of EF. coli. Strips A and B were reaction mixture of mimosine and mimosa 
developed for 18hrs., in solvent systems A enzyme at pH 8.0. A, B, 1, 2 and 3 
and B, respectively. Spots correspond to 
minosine (1), serine (2), undetermined sub- 
stance (3) and alanine (4). 


Fig. 2. Paperchromatograms of ninhyd- 


indicate the same as in Fig. 1. 


the other to yet undetermined substance shown in the case of E. coli. In neutral 
or acidic reaction, these spots were very faint except for that of mimosine, and in 
control lots, the spots corresponding to serine and the undetermined substance were 
never detected. 


Discussion 


Sibaoka?!°) has recently reported the results of investigations on the excitatory 
conduction in M. pudica, and Toriyama'':'?.!*) has studied the cytology of the pulvinus, 
or petiole, of M. pudica. The role of mimosine in the variation movement of the 
plant, however, remains obscure. 

In the present study, mimosine has proved to exert an antimetabolic action on 
E. coli which is conspicuously antagonized by such heterocyclic amino acids as tryp- 
tophane, proline and histidine. It is interesting that the antagonistic activities of these 
heterocyclic compounds are stronger than those of phenylalanine, alanine and serine. 
From these results, it is inferred that the active site of mimosine involved in its in- 
hibitory action is the pyridyl moiety. The hydroxyl-group may also play a certain 
role, since tyrosine strongly antagonizes the toxic action of mimosine in spite of its 
non-heterocyclic nature whereas phenylalanine does so only weakly. 

The competitive nature of the antagonism between mimosine and tryptophane, 
although likely, has not been definitely established. 

Lansfield and Shive'*) reported that 2-pyridinealanine (i.e., 2-pyridylalanine) inhibits 
the growth of E£. coli and phenylalanine prevents such inhibition, and that tryptophane 
reverses the inhibition, thus indicating that it stimulates the biosynthesis of phenyl- 
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alanine in this organism. Tyrosine, on the other hand, is shown to exert only a slight 
effect in reversing this toxicity. These results differ from ours in that phenylalanine 
shows only a slight antagonistic effect against the growth inhibition by mimosine, 
whereas both tryptophane and tyrosine are antagonistic to mimosine. The position of 
the pyridine-alanine linkage and of the hydroxyl-group in the pyridyl residue may 
explain the difference between these results. 

It is interesting that both alanine and serine were chromatographically detected 
in the culture filtrate of E. coil when mimosine was added to the medium, whereas 
the latter alone was detected when mimosine had been treated with the enzyme solu- 
tion prepared from the pulvini. In another experiment to be reported elsewhere in 
detail, mimosine and serine, but not alanine, were detected in the sap of the mashed 
pulvini which is considered to contain the product of the enzyme reaction. There- 
fore, the difference probably is not due to the absence of some co-factors in the 
purified preparation of mimosa enzyme, but to the difference in property of the bac- 
terial enzyme. 

It is also interesting to note that serine, which antagonizes, although slightly, the 
bacterial growth inhibition exerted by mimosine, is formed by the action of an enzyme 
in the mimosa pulvini. Guttenberg and Krépelin'’) have explained that the variation 
movement of Phaseolus coccineus is closely connected with auxin in the pulvini which 
causes the increase of water permeability of the pulvinus cells. In the present ex- 
periment, IAA proved to counteract the growth inhibiting action of mimosine toward 
E. coli. It seems, therefore, likely that the antagonism between IAA and mimosine 
may exist also in the mimosa pulvini. 

These points may have some applicability in the consideration of the mechanism 
of the sleeping movement of the mimosa plant. 


Summary 


1. Mimosine inhibits the growth of E. coli, and the inhibition is antagonized by 
tryptophane, proline, histidine, tyrosine, phenylalanine, alanine, serine and IAA. 

2. The growth inhibition by mimosine disappeared on incubating for a few days. 
This loss of the antibacterial action is probably due to the destruction of mimosine 
by an enzyme (probably adaptively) formed by E. coli. Alanine and serine were 
detected chromatographically in the cultures which contained mimosine. 

3. An enzyme preparation is obtained from the pulvini of M. pudica, which splits 
mimosine. A spot corresponding to serine is paper-chromatographically detected from 
the reaction mixture. The optimal pH is about 8. 

4. In view of the result obtained, the mechanism of sleeping movement in the 
mimosa plant was discussed. 


The author wishes to express his appreciation to Prof. M. Nagao for his valuable 
advice and for reading the manuscript, to Prof. T. Jimbo for his criticism and to 
Prof. M. Shibata and Dr. T. Sibaoka for the supply of leucenol. 
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Studies on the Dehydration Resistance of Higher Plants I 
Determination of the Measures Related to the 
Dehydration Resistance of Mulberry Plants” 
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The growth of pine yearlings in dune regions was investigated in a previous 
paper!) with special reference to their drought resistance. The term, drought re- 
sistance, was then defined as the ability of plant to survive drought condition by 
enduring the water loss when water absorption by root practically ceased due to the 
exhaustion of available water in their rhizosphere. Different from drought resistance 
the author wishes to define the term, dehydration resistance, as the ability of plant 
parts or a whole plant to bear water loss after unnatural treatments such as detaching 
plant parts, digging out whole plants and so forth. Then, dehydration resistance 
will serve as the first step of the analysis of drought resistance, though in the latter 
the water supply for leaves from other plant parts yet continues even if the water 
absorption by root already ceased. The study of dehydration resistance also has 
practical importance in cultivated plants in which detached plant parts are utilized 
for agricultural purposes, e.g., mulberry plant for sericulture, tobacco plant, forage 
plant and so forth. 

The author has made an attempt to express dehydration resistance quantitatively 
as the time required from detaching to kill the plant part by water loss under a given 
humidity condition. To date investigations have been meagre for this line of study 
in water economy of higher plants. Huber?) defined drought resistance as the ratio 
of transpiration to water absorption expressing both amounts by various measures 
concerned, while Walter?) approached it from the osmotic relations of plant parts. 
But their investigations were not conducted from the viewpoint of water economy, 
i.e., the arithmetic consideration of transpiration, water absorption and water amount 
of plant parts. Fukuda‘) applied some experimental formulae to the time trend of 
transpiration after detaching leaves, but did not go further. Recently, Satoo®) expressed 
by a formula the drought resistance of three species of conifer yearlings by a similar 
procedure of the author. 

Before entering the analysis with mathematical formulae, some results of experi- 
ments will be mentioned for determining measures related to the dehydration resistance 
of mulberry leaves, as no result of investigation has been reported concerning the 
water economy of this plant. As mulberry leaves are successively unfolding through- 
out the growing season the variation of those measures with leaf age must be taken 
into account in addition to daily or seasonal variation as was the case in the study 
of carbon dioxide assimilation in this plant®). Only the dehydration resistance was 
pursued of mulberry plant after detaching leaves for the present step, as this plant 
has a large mass of stem, stump and root, the dehydration resistance of intact leaves, 


* “Dull” leaves in mulberry plants, a part of this paper, were already reported at the 


17th General Meeting of the Botanical Society of Japan in 1952. 
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consequently, is a more complex problem. Also the water loss after detaching mul- 
berry leaves has much bearing on the practical aspect of silkworm rearing, especially 
on the maintenance of adequate water content as the feed stuff for silkworm. 

The material for this study was Kairyo-nezumigaeshi, one of the commonest 
forms of mulberries (Morus alba) cultivated at the mulberry field of Tokyo University 
of Agriculture and Technology situated at Koganei, Tokyo. The plants were trained 
in the “root cut” type, planted and manured in the conventional manner as was 
mentioned in a previous paper®). Leaves of “spring cut” mulberries as well as of 
“summer cut” ones were used for the experiments, which were commenced in the 
summer of 1951 and were continued till 1958. Most of the experiments were repeated 
more than twice in different year in order to ascertain the yearly fluctuation. Data 
obtained during the summer time were chiefly mentioned in the following, as the 
dehydration resistance in this season is much of interest from ecological as well as 
sericultural viewpoint. 


1. The amount of transpiration after detaching leaves: 


Detached leaves were hung to the torsion balance immediately after detaching, 
mostly in two minutes, the amount of transpiration was then determined by weight 
loss during a definite time interval which was between 2 and 60 minutes in accordance 
with transpiration rate. As the weight of a mulberry leaf is too heavy to be measured 
by the torsion balance, a leaf part of the size, 2cm.x10cm., without midrib and large 
veins, was cut from the right or left half of a lamina, the cut end was then immediately 
sealed with vaseline before it was hung to the balance. The amount of transpiration 
was converted to relative transpiration (7;) by measuring the evaporation of leaf- 
shaped evaporimeter, a moistened filter paper lined with aluminium foil, as the stomata 
of this plant are found only upon the lower side of leaves. As it was made clear 
by a preliminary experiment that there existed no significant difference between a 
whole leaf and a leaf part in the value of 7; immediately after detaching as well as 
in the variation afterwards, it may not be hazardous to apply the results obtained in 
leaf parts to whole leaves. 

We shall begin by making clear how initial 7;, the value of 7; immediately after 
detaching, varies during the daytime. For example, on a fine day in summer the leaves 
were frequently, mostly every five minutes, detached and the amount of transpiration 
was measured together with the water content of leaves and the atmospheric satu- 
ration deficit in mulberry field. Young mature leaves, the 10th from shoot apex, 
were selected for the measurement in order to make uniform the condition of leaf 
age. The result was that 7; rapidly increased with sunrise and attained to a maximum 
value as early as 7hr., then the value decreased slowly until 17hr., falling abruptly 
with sunset. The variation of leaf water-content took opposite trend, diminishing 
with time till 16hr. with a minimum value of 260% on an oven dry basis, and then 
the value began to increase towards evening (Fig. 1). The daily march of stomatal 
aperture verified by benzol infiltration also took similar course as that of 7;. On the 
basis of these results the experiments of the variatian of 7; after detaching leaves 
were done between 9 and 14hr. when the stomata were open widely. 

The maximum value of 7; in mulberry leaves was equal to, or a little larger 
than 100%, i.e., mulberry leaves transpire from both side as much as water vapour 
as one-sided moistened filter paper. This value is extraordinarily high compared 
with the values, 60% or thereabouts at maximum, for various land plants of Japan 
in Monsi’s paper’). Only the values of some water plants and wheat plant in his data 


150 Bot. Mag. Tokyo Vol 73 


are comparable. The difference by leaf order or leaf age of the ve Hy Tr ie 
insignificant during the daytime, i.e., every leaf on a shoot showed high va Es 
simultaneously. Next, the value of relative cuticular transpiration (Tre) was mpgs 
for leaf upper side without stomata by sealing the lower side with vaseline. e 
values of Tic were small in older leaves and large in younger ones, ranging between 
5 and 10%. As the 7; at stomatal closure, i.e., 7-14%, was about 1.4 times of the 
above value, the Tre of lower side may be conjectured to be equal to that of “upper 
side, because both side of evaporating surface with equal evaporating power ordinarily 
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Fig. 1. Daily variation of A) relative transpiration and B) leaf 
water-content in the 10th leaf of “summer cut” mulberries, Kairyo- 
nezumigaeshi, measured on Aug. 11, 1952, a fine day 


evaporates 1.4 times of the amount for one-sided evaporating surface. In addition 
the amount of cuticular transpiration per se for lower side was ascertained by sealing 
the upper side at stomatal closure. 

The value of 7; in mulberry leaves fell to less than 20% after about 30 min. 
from detaching with closure of stomata. However, in some mulberry leaves the 
amount of 7; remained comparatively large with open stomata at long interval from 
detaching. It was revealed that this phenomenon had much bearing on leaf age. 
For example, the variation of T, after detaching leaves was followed on July 21 in 
a “spring cut” mulberry plant (Fig. 2). Numbering from shoot apex the leaves till 
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the 35th showed small value of 7, in a lapse of time, whereas in older leaves lower 
than the 36th the large amount of T;, 40% or thereabouts, persisted after long interval 
from detaching. This large value was evidently due to the imperfect closure of 
stomata as was verified from the direct observation of stomatal aperture and the 
small value of 7,., which was below 10% without exception. These mulberry leaves 
with inert closure of stomata by hydroactive movement were named “ dull” leaves 
by the author. As “spring cut” mulberries had about 60 leaves on one shoot at 


Relative transpiration, % 


i AR ROOk ed Oss 20kt 4 Oly RO 


Time after detaching leaves, min. 

Fig. 2. Variation of relative transpiration after detaching 
leaves measured almost simultaneously on July 21, 1952 for 
various leaf order (numbers in the figure) in a shoot of “ spring 
cut” mulberry. The numbers marked with sign, *, are “dull” 
leaves. Broken lines show the culicular transpiration of upper 


side with no stomata. 


this date, almost half leaves had been converted to “dull” leaf till that time. The 
discrimination of both kinds of leaves can easily be done by hanging the detached 
leaves in the laboratory. Then “ dull” leaves are perfectly killed after definite interval 
by their large water loss, while normal leaves are kept in fresh condition on account 
of the small transpiration rate due to stomatal closure. The condition of July 21, 
above mentioned, was shown by a photograph (Fig. 3). The boundary between both 
types of leaves became higher and higher as the progress of the season. Thus on 
September 10 in the same year leaves older than the 15th were already turned to 
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“dull” in a “spring cut” mulberry shoot with 85 leaves. The first appearance of 
“ dull” leaf was observed at the middle of June in “ spring cut” mulberries, so it has 
become clear that the leaves unfolded in early spring turned to “dull” after two 
months from unfolding, as mulberry 

Leaf order leaves begin to unfold at the middle 

; es - of April in Tokyo. But the leaves 
. unfolded in early summer and early 
autumn, it was made clear, turned to 

“dull” leaf within a month from 

: unfolding. The shortening with the 

& NY 3 progress of unfolding date of the 

7] -12 18% 23 28 . 38..38 44. 49 duration in normal condition concern- 
Fig. 3. Photographical illustration of normal and ing hydroactive reaction was much of 
“dull” leaves in the leaf parts whose relative interest in the parallelism between the 
transpiration was measured on July 21, 1952 (Fig. variation with unfolding season of the 
2). Leaf parts were hung indoors after the duration in maximum rate of photo- 
measurement of 7;, and was photographed after synthetic activity for mulberry plant*). 
5hrs. from detaching. The 7th-33rd leaves were The same sort of experiment was 
normal and the 38th-49th “ dull ”. carried out for “summer cut” mulber- 
ries also at the end of July, 1952. 

Before the experiment it was expected that nearly all leaves were yet normal, as 
they had unfolded after “summer felling” at the beginning of June. Contrary to 
the expectation, however, out of 22 leaves on July 25 for one shoot, only 6 leaves 
near the apex were normal, the remaining 16 leaves were already “dull”, and at the 
beginning of autumn nearly all leaves had been turned to “dull” leaves except for 
the youngest unfolding leaves. The difference between “spring cut” and “summer 
cut ” shoots was so amazing that the author attempted to investigate its reason. The 
result of some approaches to this problem will be mentioned in the following section. 
In autumnal night the aperture of stomata was examined in mulberry plants in 
the field by benzol infiltration, and it was observed that the stomata remained open 
in “dull” leaves, while they were perfectly closed in normal ones, showing that the 
photoactive reaction for stomatal movement also became inert in “ dull” leaves. The 
situation was quite the same in some experiments done during summer. Besides, 
in some deciduous tress, e.g. in Zelkowa serrata and Ginkgo biloba, the stomata were 
also open during autumnal night. Nocturnal opening of stomata was reported by 
several investigators, e.g., von Faber*) in tropical plants and Stalfelt®) in arctic plants. 
From above observations it seems that the opening of the stomata during the night 
time, especially in autumn, may be an universal phenomenon at least concerning some 
deciduous trees in temperate zone. Quantitative considerations for the relation be- 
tween 7; and the time after detaching leaves will be mentioned in the following. 


2. The water content of mulberry leaves: 


The commom pattern of the variation of water content in successive leaves with 
different leaf age was that the water content was maximum at the youngest leaf at 
shoot apex, and abruptly decreased at a few leaves just under the youngest one, keeping 
nearly a constant value from younger to mature leaves at the middle part of the shoot 
with somewhat increase at the lowermost leaves (Fig. 4). For “spring cut” shoots 
in midsummer, the water content of the youngest leaf was usually over 400% on an 
oven dry basis, in some cases even more than 500%, the water content then rapidly 
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decreased till the 10th leaf from the apex, the values being kept nearly constant, i.e., 
230-270%, for wide range of mature leaves. Similar trend was also observed in 
“summer cut” shoots during summer at least on an oven dry basis. It must be 
remembered, however. that the water content on a leaf area basis (mg./cm?.) has 
more direct bearing on the water loss of leaves than that on an oven dry basis. In 
order to calculate the water content on a leaf area basis the areal weight of leaves 
in mg. dry weight for cm?. was measured in “spring cut” as well as in “summer 
cut” shoots simultaneously with the determination of water content on an oven dry 
basis. The areal weight of mature leaves in “spring cut” shoots during summer 
was 5mg./cm?. or thereabouts, and that in “summer cut” shoots a little smaller, i.e., 
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Fig. 4. Water content on an oven dry basis (A), leaf areal weight 
(B) and water content on a leaf area basis (C) for successive leaves 
of “spring cut” (@) and “summer cut” (©) shoot of mulberry 
plant measured on Aug. 12 and Aug. 2, 1958, respectively. 


4.5mg./cm?. In both shoots the youngest leaves showed smaller values. Owing to 
a reversible relation in the leaf order trend between the water content on an oven 
dry basis and the areal weight, the water content on an areal basis showed com- 
paratively constant values, thus about 12 and 11mg./cm?., respectively, for “ spring 
cut” and “summer cut” shoots. Small amount of water content on a leaf area 
basis may be one possible cause of “dull” leaf, as it is often followed also by the 
small amount of lethal deficit, arousing a possibility of withering before the complete 
closure of stomata by hydroactive reaction, and of the stomata remained open after 
death, though this explanation may not be so promising in the different behaviour 
for both training types of becoming “dull” leaf because of the small difference in 
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water content and therefore in lethal deficit, for the lethal water content was almost 
the same in both training type as will be mentioned in the following section. 


3. The lethal water content and lethal deficit of mulberry leaves: 


For the mathematical examination of dehydration resistance we must know the 
lethal deficit of leaves. Lethal deficit is, as was mentioned previously, the difference 
of water content and lethal water content. At first the author attempted to determine 
lethal water content both by the recovery of turgescent state after soaking the petiole 
of detached leaf into water, and by colour reaction with benzidine. As both attempts 
failed he was obliged to apply plasmolytic method, though not preferable. Thus, 
small leaf parts without large veins (ca. 5mm.x5mm.) were soaked into IN solution 
of NaCl and after suitable interval, mostly 30 min., the occurrence of plasmolysis was 
observed by penetrating light at small veins with no chloroplast. In living cells 
plasmolysis occurred without fail, as the concentration of NaCl solution isotonic with 
the cell sap was about 0.3N. Then the vitality of leaf cells could be examined with 
the success or failure in plasmolysis. In addition the water content of leaves was 
measured at the same time, by which it became possible to determine lethal water 
content. An example for mature leaves is illustrated in Fig. 5. The values of lethal 
water content thus determined 
for younger, mature and older 
leaves in both training type dur- 
ing summer were, respectively, 
190, 120 and 120% on an oven 
dry basis. So the lethal deficit 
was 60, 130 and 130% if we as- 
signed initial water content as 
250%. As is observed from the 
figure the determination was not 
so clearcut as in the case of pine 
yearlings’). 


Summary 


By dehydration resistance the 
author means the ability of plant 
parts or a whole plant to bear 
water loss after unnatural treat- 
ments such as detaching plant 

Time after detaching leaves, min. parts or digging out whole plants. 

Fig. 5. Determination of lethal water content in ma- Before entering analysis with 
ture leaves of “spring cut ” mulberries by the plasmolytic mathematical ‘formulae, some 
method. The points, @ @ © are the water content of results of experiments were 
living, half killed and killed leaves respectively. mentioned for determining meas- 


ures related to the dehydration 


Leaf water content, % on an oven dry basis 


resistance of mulberry leaves. 


; 1. Relative transpiration of mulberry plant was large throughout the daytime 
with open stomata. Maximum relative transpiration for the one-sided evaporimeter 
was over 100%, which was only comparable with some water plants. Cuticular tran- 
spiration for one side was below 10%, while relative transpiration at stomatal closure 
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was about 1.4 times of the former amount. 

2. Concerning hydroactive closure of stomata at diminished water content of 
leaves after detaching, “dull” leaves were found with inert stomatal closure. This 
phenomenon has much to do with the age of leaves, but the situation was quite 
different in “summer cut” and “spring cut” mulberries. 

3. The common pattern of the variation of water content on an oven dry basis by 
leaf order or leaf age during summer was that the water content was maximum at 
the youngest leaf at shoot apex, mostly over 400%, and diminished abruptly at a few 
leaves just under the youngest one, being kept nearly constant, about 250%, from 
younger to mature leaves at middle part of the shoot with slight increase at lowermost 
leaves. The areal weight and the water content on a leaf area basis in mulberry 
leaves during midsummer were 5 mg.d.w./cm?. and 12 mg./cm?. for “spring cut” mul- 
berries and 4.5 and 11 in the same unit for “summer cut” mulberries, respectively. 

4. Lethal water content determined in summer for younger, mature and older 
leaves were, respectively, 190, 120 and 120% on an oven dry basis. So the lethal 
deficit was 60, 130 and 130% if we assumed initial water content as 250%. 


The author wishes to express his cordial thanks to Prof. Messrs. Monsi, the Univer- 
sity of Tokyo, and Prof. K. Hégetsu, Tokyo Metropolitan University, for their kind 
advice and criticism throughout this investigation. Thanks are also due to Messrs. 
T. Ushijima and T. Murakami to their help for preparing the text. 
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CBR LAMPE Ae SIC evs. CO CET 
Dk ite AUDA be saRRROKRRERET SD. 


MH EVAL 

eARRKIL, SET 41 +—-LEHRORDC, HB 
HEV RRIRIC kL > CAMEL ef 80 HO 5 BO —EK 
No. 82 © Aspergillus awamort #FAV.tce. TO 
FRILL x BH, BE SHE, Fe COMMS BLAM 
thCE < OAR SEL, GROATMBHOT BF 
TF—-CRERTSR, COLITCEREDO FE CLT 
[7 —UVILSCEMLicl. Ee, 7 i F—-—VHR 
DOPREDICILAK ER Aspergillus awamori HUT 
2014 4A fe. 

FOF 4 F- ERROR DOMBEIIOKO CL 
< ChS. 


(Ae Pak wee gute ete 100g 
IMTSVIN(O Mea ore crs Gen 6 2g 
KU POs tea ecu eaes 2g 
MagSOP7/HeOimirncsee sc 0.25¢ 
MnSQ,:4H20 .---.-.... 0.02 


* ELAR ASA th # SX Biological Institute, 
Waseda University, Tokyo, Japan. 


FeCij-6H,0).-228 Ct.. 0.024 g 
ZnSO4-:7H2O ---+------ 0.005 g 
Sa 0.33 ¢ 
ZEB Ik (pH 5.8) -------> 1000 cc 
Ef, Fi F—-EMREORBHCIL Czapek HK 
eae Oe eee 30g 
NaNO slain cot acer 2¢ 
Ks HPOsi-chi: 30365 4340553 lg 
RC cs So: eee: 0.5¢ 
MgS0.:7 HO (2). ateer 0.5¢g 
FeSOpas: fuse “epee was 0.01 g 
7k 7k (pH 5.8) -------- 1000 cc 
REO, Ls MREROSL IR, Fraryvy 
KARZKELOVAVW EE. 


EatOPeKe, Rie Cle 100cc FJF7AB 
ie 30ce FOFNEL, LAH Ola Fe RE, 30° © 
(Sihar Chize lL, TRENT CIL 500 cc OFRBa A 
7FFAACE Vcc FOFPEL, 34S FOMFLE 
fi, 30° CHE # 110 [FR CHRAL, 4 IE] 2 fa 
DD7FAAKL OWL TEOIRRRT BF 4F— 
, a-F 2 F-LOMIEICH LK. 

(ERDWERIAS BF 4 + — -¥ Cit Folin HK 
wAAVYS Anson FEOFKMIC 1 SMBH) ko 
te. Tiedt M/5 FLAC 2 MYR REICIARR Lic 
A4 VYRYK lec i, pH3.2 CBee LCRA 
Ww lec YY, 55° C1 RH KGSe, 0.4M 
bY 7 eAAPRR 2cc MARIE EILSS, FE 
FEVLAERM Lf 0.4M + 7 Br REMATYAO Folin 
BEAMAD 660 mp CisttSRERRRUTCHDL 
te. Ek, a-7Fi F-HVOBSLAUC<K KEY) 
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£4 Wohlgemuth #OWBM, thebb, a-K 
Sl LSRRRE MECHA LE LOA 
he: 

ARO RG MLHMRO LC, HAR ATT Fic 
LD, Lx PYRE Cail, 15°, x1200 Chee L 
ORD Te. 

FUT IRAE YONNE L BER DAA RHE EW SB te 
DORIRA L LUCHA AAS B Zc FR XC 
Hit) She ko CHAROA AIMED, FA 
RTE AVE OA We HS te C, EL UCHROAF 
MES REMSBACLABCHSA. ticbd, bo 
iia 7 FAAANICAMLEMAERKOM ARE T 
7F—*B—bECRSEL, WAL FRA bier 
L, BOAR IKE lL ATK LCE 
PRUE LL, VS RERIARIL, RAVUABIECT VY 
HSVARIGM KTS LIICL, KPSWHEETE 
AV KFS REICHEL. 

WEE 500 cc HPT FAACMEL 4 HH 0.5 
g & M/5 ihe tye (pH 6.0) (M/5 KH2PO,, 
M/5 Na2HPO.) 50cc PAH, CHICLOYEM EA 
lg wef 30° GC 20 RFRA LK. 


RR ta R 


1. APEC LAT RTF 4 F-LOAMLE 
aM: Ae 1 RAHI ko C2 AGRE 2 fo 
D7 A a0 0 ECR Niche C, FET fo 
—VOTGEL2ZAAASTCCALNSDM, 4H 
ACH L, COL SRAM 1.3 1, KE 
CEOEDBV 7c. FET 4 F-VOVWELLE A 
BicmAL 70, 10 HALRIAAICIR EL, tk 
BMebDic<tro Clore. COURE CI PeF 
4 + —COVRRNLOS O Heese XO 
bHKEXPOok:.- 

2. RMS BRIC LAT RT 41-4 
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BE, AMO PSV hb ORT BF 4 H-URRK 
AMESHNAZC LEDS LI DMBDHS. 


Table 1. Proteolytic activity, osmotic value 
and mycelial weight in Aspergillus 
awamori by the surface culture. 


Days 2 4 6 8 10 


Proteolytic 


0.890 1.340 1.519 1.222 0.860 


activity 
Osmotic 
value (M)* Op le. Mesa SS, nls 
Mycelial 
weight (g) 0.685 1.204 1.170 1.180 0.898 


* in sucrose 


Table 2. Proteolytic activity, osmotic value 
and mycelial weight in Aspergillus 
awamori by the submerged culture. 


Days 1 2, 3 4 5 6 
Proteolytic 
SeNvity 0 0 0 0.086 0.461 0.591 
Osmotic 
value (M) 1 Wee fee gl esl Niet Ue ec Aol lpg lg al bom 
Mycelial 
weight (g) 0.110 0.550 0.990 1.120 1.190 1.250 


Table 3. Proteolytic activity and osmotic 
value on the 3.5 th day in various con- 
centration of NH,NO; in Aspergillus 
awamori by the submerged culture. 


Conc. of | Proteolytic Osmotic 
NH,4NO3; activity value (M) 
1.5g/1 0.075 Weil 
HAO) fea) 0.059 LZ 
fae) Sa 0.000 ls 


Table 4. Proteolytic activity and osmotic value in 
the washed mycelium of Aspergillus awamori 
by the submerged culture (20 hrs. incubation). 


DAE & BGM: Ae 2 VEGA KI £ 


2 1 Afgle 2 HP OD 7FAAKED 


Days till washing 
after inoculation 1 2 3 4 5 6 


HOCH EC, Gir 4 A Aw 
yc 1.2 enricxgwio, yeyr+¢r— 
UMAMAH, LEVWICRHERABAT 
DH. PARE CILIZ HE (M DS 1.2 ere 
BCARbigweL Fat F— VILE 
Satie wa FSC) TIO SANTI O 


Osmotic value 
after washing 


Proteolytic 
activity 


Osmotic value 
before washing 


Osmotic value 
after culture 


De(emee Ome leo pagel eel 2 eae 2 
LO le0 le Owl 04 al 0-170 
5 seg AE, ge La ap ol orleied Ls. I 


1.117 12550 1.351-.0.99512190)1..263 


CEROBREREZ CREAMY AMS et 
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3. ve LOPS RT 1+ —-—EOARMLE 
Wi: HAIL LEAKE 1A EIS 
L, Ehxfio Cc 30° C 20 ARI MU HE LEH 
AOE PRAT. VES OD GME BK DAE CAG 
BRIN T 1.0 EVES AY, 20 WRG ERIC 
ih 1.1 Erie o tem, 2~3 AADMABABT 
BF {F-COAMMRESWTCEBAMSHE. 

COBALT eT 4 — CAREY OB 
ARE BDICH SAT SRB, BML TA 4 A 
SoH Ke 0, 1.0, 1.3, 1.5 £1 ORK CHY 
LEE OR Ho CIKRHRELUTHASL, ROOL 
SHED ZONK. Thbb, BK O iG (Mes 
1.0 ENOBAIL AF RF 4 F-VUOHMARDREA 


Table 5. Proteolytic activity and osmotic 
value in Aspergillus awamori, when 
washed by the various concentration 
of NaCl solution on the 4th day after 


inoculation. 
Conc. of NaCl 
(M) 0 1.0 Las 125) 
Osmotic value 
after washing 1.0 1.0 1.3 1.5 
Osmotic value. 
after culture | 1-1 1.1 Led 1.1 
oe 0.978 0.978 0.875 0.656 
activity : . . f 
Table 6. Activity of a-amylase, osmotic 


value and mycelial weight in Aspergil- 
lus awamori in dextrin, sucrose and 
glucose by the surface culture. 


Days 3 5 7 2 
Activity 1.31 4.77 10.50 11.25 
‘2 Osmotic value 1.4. 11,3) plese :0 
% Mb: Tieviton, ginelediio’ 
A Mycelial wee 0.054 0.095 0.080 0.125 
_, [Activity 0° OOP 
an @) i 
2 smotic value 15) 5 eee 
3 ‘ : 
A Mycelial aaa 0.111 0.106 0.250 0.095 
Activity 0° 50) ca 
% |Osmotic val 
: iA 1.5. [.5oScteSaeee a 
© /Myceli i 
ycelial bialad 0.105 0 804 0.320 0.080 


—_— 


Vol. 73 


Xu. 

4. a-T 2 F-—EOAME ZG lM: HE (X Cza- 
pek Y%OL s HeSROSLIM, FrAhVY 
ARR ERIE AV EBA OER, TAY 
YOBRICOA a-F 2 F-UMAMSH, BAH 
BILtOBACHNC, BMA 1.1 erKfeo 
TIBAICT 2 7 — COPPER AMTS CERAM 
Ssvic. 


BR LU isa 


bLORREGRC Lot. PeFAt-HLET iF 
— EOLA RIDA OD RIMES NS EEDA 
b>. MKROALAMITMMIOAADRACIEUT 
PALF SOLU. HOA YAN #-4, FTIF7-+H 
OV TH BUT SL4), AKRBOBAICSEM 


BOASMILAMGO IRE, & (CR EICMATS 
CLMPRRBSie. PEFtF—-HETIF—-—HO 


AO Ia D MIL 1.1+1.0 €r-ChSEW5 
CEMBCH KEI. COMMER IL AREAS AEA © FAK 
HEMRD FDORRVWCLOC, CHEOBRO 
AE OTR UE AAR D AE CHR & LAE < BIO 
SDTHSZLSNTWS!). ELT, COMBRO 
EPR REIS ts C VLIEIH D BES BU A DSFF FEF BS & 
bodHTWOO*M, FiiAMAA CCL Abs, 
COMA ILIA CIBER DARREL TERM SINS 
LDEFZ SHS. 

FRF4{F—LEOMFE Core No. 82 OFFI 
QWYTlL, FEF 1 F-HOAMICMHTSRRRO 
WAORRIL, FERS << OMEKK Lo CHMESH 
CERMAPARKBT 27 -—COAMICWHTARR 
WROWPBOERES < OIGH HOSS TL LO 
TC RAR A LY Ls He TH LYE IN L CC BSRE HHO Beth DO 
PH OUR Pe PITIERRO PH BAX <*eSICLE 
DBoCFAF 4 F+—LOPRERILML TS SMT 2 F 
— LOPE RICHY MF SOL Bdbpo TW 
4°). Sb, PRAMS = 27 —N wD BIC 
MF SE LCL o CHB OBAEE OD ASIA IC 
{EF SCERMBHNTW ZO), COMMROA 
RIC LE ce RDS LOLER HHS. EL 
C, COMPO RMB ML EL, WRB E 
SIC = VIBE Pv = VY ERRED & 5 te Ar REE 
Oi aM LCC LAYER AHS. 

TI F-VORIRCIV CC, BHCC 
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eR ORBAIC ET TF -VIRAMAH, WEE 8 F —-LILTORADAEMANMDE. 
VEIEMEICVLY DIES ORF HARV VICK BA TIT 

BD, Ls BH, SLSR ON TIRAW ICM RAC, KROME 2 bre PAIL ZE 
§, 3 AHBORBMIL s H, SEAMORIS + ORBEA, BS, SESMRICRBS. 
MCHEODE, CASAOIE 1.1 erLe<, 7 


x ak 


1) Yoshida, F., J. Agr. Chem. Soc. Japan 28 : 80 (1954). 2) Crewther, W.G., and Lennox, 
F.G., Nature 165 : 680 (1950). 3) Yoshida, F., J. Agr. Chem. Soc. Japan 29: 175 (1955). 4) 
Wetter, L.R., Can. J. Bot. 30: 685 (1952). 5) Matsushima, K., J. Agr. Chem. Soc. Japan 
29 : 87, 781 (1955). 6) Hoshino, J., Bull. Chem. Soc. Japan 31 : 884 (1958), 32:71 (1959). 
7) Okazaki, H., J. Agr. Chem. Soc. Japan 29: 181, 273 (1955). 8) Tonomura, K., and Ta- 
nabe, O., ibid. 30: 511, 598 (1956). 9) Takami, W., Bot. Mag. Tokyo 70 : 140 (1957), 72: 
113 (1960). 10) Hagiwara, B., Ann. Rep. Fac. Sci. Osaka Univ. 2: 35 (1954). 11) Nomu- 
ra, M., Hosoda, J., Maruo, B., and Akabori, S., J. Biochem. Japan 43: 251, 841 (1956), 44: 
87 (1957). 12) Fukumoto, J., Yamamoto, T., and Tsuru, D., J. Agr. Chem. Soc. Japan 31: 
421, 429, 506, 510, 545 (1957). 13) Okonenko, A., Nankowi sapiski, Kiew 456, 466 (1930). 
14) Oparin, A., Erg. Enzymforshg. IIl : 62 (1934). 


Summary 


The present report deals with the relation between formation of proteinase or amylase 
and the osmotic value in Aspergillus awamori. Proteinase is scarcely formed before the 
osmotic value falls down to the critical value such as 1.3~1.2™M of sucrose. The critical 
osmotic value in the case of the surface culture is larger than that in the case of the sub- 
merged culture. In the latter culture, proteolytic activity can be measured only after the 
osmotic value decreases to 1.2 M. The osmotic value of the completely washed mycelium is 
1.0 M and increases to 1.1 M after 20 hrs. incubation. But proteolytic activities in these 
cases differ as their ages as shown in the table. By washing the mycelium with NaCl solu- 
tion of various concentrations, it was found that the optimum osmotic value for proteinase 
formation was 1.1~1.0 M and the same conclusion was valid for a-amylase formation. 
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Short Communication 


Chihiro TAKAHASHI*: Anomalous Stomata on Polyploid Bracken 


MT: BURY 7 CORKS 


Received February 29, 1960 


It was reported by the present writer that apospory could be induced in Ptertdium 
aquilinum (L.) Kuhn var. latiusculum (Desv.) Und.'). He has got hundreds of poly- 
ploid brackens by means of aposporous regeneration. 

It was revealed that there were many interesting features in polyploid brackens 
compared with normal diploid ones. Their stomata are larger than those of normal 
brackens but show the same structure, with the exception of three polyploid brackens 
which have extremely malformed 


You a fv 


stomata. There are many reports i 71 mA & 
on multicellular or abnormal sto- SOE : 
mata of pathological or hybrid ie 
origin, or on those resulting from ly C ) ) (\) . 
normal development?.?:*). But the ‘ ) 2 
unusual stoma reported here Z Cf) C\ 
comes from polyploid origin and (W) 
has unique features as follows: a) (() 
it consists of two to more than QU 
ten thin-walled cells having ir- > \) We 
regular forms instead of two (()) 
thick-walled guard cells: it has ee @€ ae = 
no slit for gas exchange: not a " ia 
stoma normal in structure and a ~—O 
function is to be seen on these Su 
three polyploid brackens as far 2 / a‘ 
as the WHIter has observed. (1), (3) malformed stomata on polyploid bracken; (2), 
Detailed report will be pub- (4) normal stomata on diploid bracken; (1), (2) x 100; 
lished later. (3), (4) «250. 
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os 9 [Gl ERS ta iy STH UO 


1959 4285 19 Hab 29 ECA Hey 
bYA-—7 CH IAARHMFARO bran, dic 
LUk BAHIA D> DORROOL DE UTHER L 
OT, FOLECHIEVFORCEELSSM, BOL 
ITRREL THEE. 

a SHIOBIL 1954 FH 8 ACA) CObDHE 
B, CDEXRMBEY bVA-NCOKSAHSZL 
SEDEDCHS. RI OEZE 1950 ITA by 
PJRVATObAH, CHE CL 4 FL 1OD Y 
Cis ChbNTWE. WEES 5 FC 1HORRY 
BELWI OU, HEVSEMOFMICIEWVCLT, 
FINO MICE Ae dd? SDIFICILV Die Ls 
hd. 
SIEOZEICIE 14 OMADCH, AICS IED 
BEE RIV Special Committee for Further Con- 
gresses LW HB AARO< bh, EREIO 
&Of@le] 4 5'¢56t.4 Resolution Committee 4 
O< bic. HELILG HC COMAORALEMR 
SHCWROT, WR4 Bis Ch bDNKARO 5B 
SIGH Lic. BRAIARBGAR ORO, A 
Te FICS CX SR 1 Ze D 2 BIZ 0 A 
DNFSELE, TWRABH ALA ct. CORA 
RAR LhHSRRCLAT DEC, CHILGK 
D, ICKREOLRYCCTOS< MEWS MBE, 
EDLITCFAEOPUPRETSMEWO TS MBL R 
NRLEDMSCHS. CORASOBHIIL K. V. 
Thimann AG ddze YO , HEMYLO3A ase AAI 
Rie LC, BMOUTEED SACLE. BABI 
P. Chouard (772), A.L. Kursanoy ( 3), 
E. Battaglia (4 #) 7), A.A. Bitancourt (77 
yy), H. Boyko (4 ~A7= 7), Z. Cernohoraky 
(#22Auy7+7), J.W. Groves (WF), N. 
Hubbeling (4 7»), E.O.G. Hultén (Av = — 
Fv), W. Rothmaler (4 F 74 y), J. Ch. Sengupta 
(41v Fk), J.-J.A. Symoens (~7+—), J. Walton 
GEAER), IO 15 \Chok. CORBA 
Cieltip Leen oe, KDE Ok ers. 
WAP IRS VF -B LTS. COMMicow 


Tht, MED) OFAC ¥—H OKA 
TO BEKELE oR LON EB, NW 
F-DO#BDb, Chita, ~1¥-OMHe 
BUDD AAR DIS KDI CLOT, HICP%> 
eb, Soe FMCEV Hb, LOREX 6d 
A DACRE 6 EW HRMHYD, Chit 
3 Cea. NVFH-—LWo th, EFT) a 
y ENMOVEDICILFZRLO BU 5 Te MBAILT V b 
T-TREE b, CHCKHORBZAIL 
A Very CNIS ERIEEV 5 CHEV. Ay VE 
DEAD b, AV¥-WWPSWERL, FIVE 
INSW EOD, CX MITRE LEWES, 
hIUCHH), OSWCKAYASS, Bie UM 
HOB Dd ore. 

SC, HIEOECH OAM, OF < Hime 
BAYAFVARLOERTASEL, 1963 it Z 
CACWS4OTC, FES MAMIE 1964 AICO 
Ge iera yee 

1964 4EOORILE CK FSA, APOE 
DEW REDORBIT CCHAT, TY FORA 
DoW HY, IEXROBM CURD, TY EO 
MBFAD EDO LOOMRCTY FCOBSKWE 
WIE S), BRADSHWKA‘, 1 Vv FOR 
LWRRD EXO 12 AR61 AKA CHK 
EI CWL7 V ATAPI YO, REMIT MEL 
Ld, SALW HKBMOL SIL v FILERMSBE 
DHEPWEAI Ld, WAWAREAS CEA, 
L<WROXRAV ay uv COMASCEROBE 
BLT SW LORROBA CE YD Lhok. 
breLit, Coit, SGLERCOSWTHEbWEWY 
LDRARHSDSLAMWVERSY, ARSNA 
MC LON, 1964 EE CLA ACHE 2 Fl 
LY AMAROVDS LENE BRFARD 
BD, SHWE EDETAERS EDU VW 
EWS CLERELAD, ERVWSAPOMMFAEL 
ABA WNCVE Te Ld > re ER, Congress (hfe BEE 
Zs, Symposium &4 L < ’k Symposia 7¢ bP o T-P 
RieWwe LUEWCA EW DBRE LEDAMA 
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Rho CAMICDOEA TW. LAL, MURAD 
WAY FCEW5 LIACARBRLEOT, bKEL 
Ds BieReRAI Te lhie LIMITE EBSKSEMoEK. 
COBBSCILAFFORBMSECL, EYEY 
t—-MCOFRORDCH WMDEBEL 20 FAKE 
FOE D 8FAAKREWI Db, ETHARTE 
CX fev MRE LS}. 

DE, FEOPYUDI_RCHS. bKLILMPES 
STWSLIGHACFARERBT SCL, OF 
0D, RLERWCOEY bVA-NVCOLIT 4G 
DOPAC dHI, KATH bIks TW SBYR 
AEE LID, BE 15 COV Clk, EFE 
TACHI, ADDBRAS, AG AOD HMR EX 
C EWS CHWBETD5C, HAL FICFHM A HEE 
SHSZLWI TLE MBS, FOLIKHTP ESOC 
Whitlow, EPbaAYAVAIL 4 Ea 5 Fic 1S 
HLWWb56, COHWRCYVY RYT AW 2,3 ¥ 
EDT 2 [lds 3 CHOWO BU ENE} DUO CE 
TPWDeEw5i RARE LE. BBO DKS, AT 
Dbb, COBMRELIEDAMBZATWRA BD 
HU dSrRERC, CHILBMe IDK. Le L, 
YYRVYTARHEOSLS OD <elk, CORRS 
Db oR DBbFatTXZOC, #HTHV ave 
MCOFE CL, HH 30 77928 40 D 
ame > OMT) MLEA LW ILE LMX ED 
tw. bOAA, COMOaY AV ACI AAb 
FARDHOEKDAODC, PRALINKLSZLDA, AH 
Hdd SVUILADULT Cab DO¥ HW O sist IFS 
td», HHOMESPEODIED OM RVAD Ld, 
ARAMA CE BMBACERWOTC, Br, 
COS OOMO MMe EI TAWA MICHSO 
CHAD. 

CORRAL, HH(LO= Hi CL oe XS ELV5 
KA CARP oO CHEM, bre LURMBE F 
A VBI eANSM, FIV ARITS < BEI 
TREHEO CL BWARRL iv. ARK LI bb 
NETL, MECBRLRODOSR, WoC 
MELT HEWI HGLLV DEL. CODKT 
Yaxrenv Ch, CORAMVILOD< bHSALIS 
bIDG ERAHANLEBOb VST SCH 
AIL, EMMA S LCS AbD Bier 
DS, HMFOCMMEARCL, CORCOW TIT 
DAML SDHERDHA 3. 
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CDEBSOCLILOOS HILT, FRSK 
DOEMOW TONE}. HF Hie 3240 Be To 
LOZ ZBECHS. b0tL bSRLEAW CHL 
TWHZASWS OPADIGEL, KRDABILS > 
Liss Ad. CORMIUREA 28 AOFREETS 
RPEZIERMEDb, Mie DIEM ba bish 
5. COSBHAAKAIL AT BCI D6 GBKAC FE 
HCL. EHIULTH 40 AWVELWI BRA 
DR LE LVI OW, BEO<MAKRLV OTS 
LVWChS5. BRbAWEWITE, TAVAL 
AF RICUME LL CHRL TW SAMRAa-—ByALY 
Pot BKRWVEVITEM, COSPMORAEL 
Bb. De ORMEMCHDS CSI CREDO 
RAMHSOMEBRBSIL, VXASYx~VYORC— 
EbPBRARGKV ASS OE. 

14 OMALVW5 OW. MBH, —MTMFIwL 
OFKR?E, WAYS, AM (CCICHAKS, RA 
BAZO SROD/)\MADARBLCWS), th Wik 
, MES, BEF, VRE R LOMAS, AH 
Sts LOM RH WOW, Hips, EES, 
Res, MiaFIs LOWES, RMMMS CHS. 

CO’MEZ-—V141YO [oO tR] Hi 100 AR 
a KE, BAe COMBS Crebn, AF 
FORA, PHB LY >A LMS. B 
HHO 2HER COV ASLAM b 7THbO1 
WACO, APA, Meret, wetbze 
LCM, VFM, 27, Be eeewe 
LEWMAWAP IER 2 bLiIRAHK. SRODH 
LOUMBCILA FIAKHOM RHR RET AR 
bdo L, SHPO LoRG ei vb: 
—VYA+Y-Y=1 ORZFORERS ct. bre 
LISA CRE OBR b, COMBI LA<b 
bbitmor. HA, THELOKDES, ladies’ 
party, children party ZOb¢ah, ERK DIO 
t, Mii, RATCORDODDViELL, ETB 
WON hee (lo Chott, bKLIGRUE 
MB, CIVCHCOFROMMBRKSF VE 5 hake 
ERC Lye. 

14 OMBAORMRA<(THeELWI TLE, EF 
PACA O%HY, WLICHBZOMAK LAC 
CWHMmokKOTC, &TLARAPECHS. 

29 HOW 10 FAO RBMOHSEY bVA-—wW 
TSE FRR O ee CHAKA O, 5 OCHRE 9 [A] 
ARM 4Alkisbot. COPpec, Thimann & 
DRE SHY, KART) 2» ere 1964 ICO 
bDANSCLCRBSACRESNKUREREL, 
BRALFCCNRAKBLE. (ARERR) 
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Ecological and Physiological Studies on the Vegetation of 
Mt. Shimagare 
V. Intraspecific Competition and Productivity Difference 
among Tree Classes in the Abies Stand* 


by Sumio KurRorwa** 


Received September 2, 1959 


Intraspecific competition in a plant stand, which reflects the productivity difference 
between constituent plants, must be studied by means of the analysis based on dry 
matter production of the interaction between the physiological functions and the 
microenvironmental factors. A few studies on this problem have been carried out 
from the viewpoint of dry matter production, e.g. in an ash forest by Boysen Jensen!) 
and in an aspen forest by Satoo et al?.*). 

The intraspecific competition has apparently a close relationship with the charac- 
teristic growth pattern of the subalpine coniferous forest on Mt. Shimagare, which 
consists of several forest units running along the contour of two Abies species, Mari- 
esti and Veitchii'). In previous papers’.*), as to this problem, the author has already 
discussed the frequency distribution of tree size, productive structure of the forest 
stand, and furthermore photosynthesis, respiration and nitrogen content of the needles 
and branches, in regard to needle age, tree size class and tree species. 

In the present paper, the difference in annual productivity among tree classes will 
be demonstrated on the basis of light distribution in stand and physiological functions 
concerned with dry matter production, especially in a 20-year-old Abies stand of Forest 
Unit V. 


Estimation of annual net production 


Annual net production of a tree is the sum total of annual dry weight increments 
in leaves, branches, trunk and roots. These increments were estimated in the Abies 
trees from annual change of the measures characteristic of each tree size class, as 
follows. 

The annual needle increment consists of the total dry weight of newly formed 
needles (F,) and the annual dry matter increment in the older needles. The product 
of the number of new needles (m1) and their mean dry weight (f:) after development 
makes the former. And the latter can be obtained from the total number of older 
needles (N) and their mean annual dry weight increment (@) which was nearly of 
constant rate throughout the life from 1 to 9 years of needles. The needle number 
of the same age decreased in an Abies tree at exponential rate (4) as the age (?) 
increased (see Fig. 1), so that N could be expressed as a function of 2 and m. These 
measures, m1, fi1, a and 2, characteristic of each tree class are summarized in Tab. 1. 
With these characteristics, the annual increment of a tree in needle dry weight (4F) 
can be calculated in each tree class by using the following formula, the maximum 
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needle longevity being assessed as 8 years (ct, .Fig..1): 


9 ¥ 
AF=F,taN=fimta>d mer“ =fimtan | 
t=2 


10000, 


Number of needles per tree 


o- aa 


1 5 Yrs, 10 
Needle age 
Haga Relation 


between number of 
needles and their age, 
in each of Abies Mari- 
esit trees 20 years old 
belonging to three 
tree classes. Upper 
line, dominant tree; 
middle, intermediate; 
lower, suppressed. 


9.5 
ert di0R:, HEB 


(1) 


1.5 

A large branch is composed of several branchlet groups each 
of which consists of branchlets covered with needles of the same 
age. In each tree class, it was empirically determined that both 
the mean branchlet radius (7) (measured at its middle portion) 
and the mean branchlet length per needle (/) in each branchlet 
group were expressed with a linear function concerning age 
respectively, i.e, y=7otat and J=l+bt, where 7, a, lo and b 
were constants characteristic of each tree class (cf. Tab. 1). In 
the above-mentioned calculation of 4F, the needle number per 
tree was formulated as a function of ¢, m: and 4. Also the total 
branchlet length in a branchlet group can therefore be expressed 
as a function of these three values, together with Jo and b. 
Combining this function with the equation r=70+at, one will 
obtain the annual dry matter increment in each branchlet group, 
and consequently the total annual increment in dry matter of 
the branch system of a tree (4Cz). The latter can be estimated 
according to the following formula, without measuring the 
branchlet length etc. respectively when the number of new 
needles is known. 

9 
1 


4Cs=nnns{r'le+2a | ‘ [rotatt—Dlo+oe—D]e-nat} 
5 


Pele. eee 
where 7 is bulk weight (g. dry matter in cubic cm.) of branch- 
lets —— the measured values were in the range of 0.3-0.5, 


mostly 0.45 g./em*. The annual increment in the branchlets more 
than 10 years old was neglected as their number being small 
enough to be neglected. 

The trunk dry weight (Cz) is able to be estimated by the 
formula Ca=0.6777’(D/2)? H, where D is the basal diameter, H, 


the height, and 2’, bulk weight (0.48 g./cm.’) of trunk—0.67 is the form factor deter- 
mined at the Abies stand concerned. The difference between the Cy in the current 
year and that in the preceding year, which were calculated with the formula on the 
basis of the relation between tree size and its annual increment (Fig. 2), corresponds 
to the annual increment of the trunk in dry weight in the latest year. The annual 


Table 1. Determined values of the constants a, a4, m, f; in Formula (1), and 
Yo, lo, a, b in Formula (2), with regard to needles and branchlets of Abies © 
Mariesii trees in four representative classes. A 20-year-old 


Abies stand in Forest Unit V. 


Tree class al (mg.) A vO Fi (mg.) | 79 (cm.) | lp (cm.) | a (cm.) | b (cm.) 
Dominant 0.20 0.42 9000 2nS: 0.115 0.06 0.00700 0.024 
Codominant 0.22 0.37 4000 2.1 0.090 0.07 0.00725 0.025 
Intermediate 0.24 Osan 1400 17 0.070 0.09 0.00750 0.026 
Suppressed 0.30 0.17 100 ee 0.045 0.25 0.00800 0.028 
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dry?matter increment in the root system was assumed as one fifth of that in the 
aerial part, after Ovington’s data’) in Pinus sylvestris. The sum total of these annual 
Increments in every tree organ (needles, branches, trunk and roots) makes the net dry 
matter production per tree; the values obtained in a 20-year-old Abies stand of Forest 
Unit V are shown in relation to the tree dry weight class in Fig. 3and Tab. 2. The 


dominant tree has clearly the highest values of the 
tree classes not only in net production but also in 
relative productivity (g. net production/g. tree dry 
_ weight) and net assimilation rate (g. net production/g. 
needle dry weight). Moreover, the dominant had also 
the highest distribution ratio for leaves (percentage of 
4F/4W)*) (dominant : codominant : intermediate : sup- 
pressed = 42 : 40 : 37 : 26%). 

According to Boysen Jensen’s data!) in an un- 
managed Fraxinus stand of 12 years old ——a modi- 


2em, 

Fig. 2. Trunk height (H), its annual in- 
crement (4H), basal diameter (D) and its 
annual increment (4D), related to tree dry 
weight (W). Abies Mariesii in a 20-year-old 
Abies stand (Forest Unit V). 


i 
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Annual increment in dry matter 
dS 
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Tree dry weight 


igh os 


Relation 


of the 


annual dry matter increments 
in needles (F'), branches (Cz), 
trunk (Cy) and roots (Cy) to 
tree dry weight. Abies Mari- 
esiti in a 20-year-old Abies 
stand (Forest Unit V). The 
sum total of the increments 
makes the net production of 
a tree. 


Table 2. Dry weights in g. of tree, wood and needles, and annual increment (net 


production) in g. d.w. of individual Abies Mariesii trees. 


Relative productivity 


(4)/1), annual increment per wood (4)/(2) and net assimilation rate (4)/(3) 


are also shown. A 20-year-old Abies stand (Forest Unit V). 


5. Relative 


6. Annual 


1. Tree | 2. Wood |3. Needles 4, Annual 7. Net 
Tree class dry dry dry in- produc-  |increment | assimilation 
weight weight weight | crement tivity per wood rate 
Dominant 230 | 129 | 62.5 63 0.27 0.49 1.01 
Codominant 142 85 31.0 27 0.19 0.32 0.87 
Intermediate 60 Sipe 125 8.4 0.14 0.22 0.67 
Suppressed 8 5s0 dS 0.92 0.11 0.18 0.61 


fication concerning the top weight by the present author are shown in Tab. 3 ——, 
the smaller the tree size class, the lower was the ratio of annual net production to 
the total wood (col. 6), and the higher was the ratio of the dry matter loss by 
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branch fall to the annual net production (col. 7). In other words, in the suppressed 
trees the small wood increment should result not only from the lower net pro- 
duction but also from the relatively higher loss by branch fall. This may suggest 
that the longevity by any tree organ is closely dependent on the relative productivity. 
Similarly, in the Abies trees the larger the tree weight, the higher was the ratio of 


Table 3. Ratio of annual dry matter increment to wood weight, and ratio of 
fallen dead branches to the former, in a Fraxinus stand 12 years old 
observed by Boysen Jensen!). Measuring unit is ton dry matter/ha. 

The figures in parentheses are relative values. 


2. Annual 5) allen 4. Fallen |5. Net pro-| 6. Pn per | 7. Ba per 
Tree class 1. Wood |increment Waves dead duction wood Pn 
in wood branches | (2-+3+-4) (5/1) | (4/5) 
a Dominant 13.4 2.64 1.69 0232 4.65 | 0.347 (54) 0.069 (10) 
Intermediate 9.7 1.38 0.78 | 0.17 23a 0.240 (37) | Bee (11) 
Suppressed 6.2 0.07 0.25 0.08 0.40 0.064 (1) | 0.200 (29) 


dry matter increment to the wood weight as well as to the total tree weight (Tab. 
2). From these facts the following may be deduced: (1) The ratio of the dry matter 
loss by branch and needle falls to the net production increases with reduction of tree 
size. (2) The relative growth rate (g. dry weight of tree growth/g. tree dry weight) 
diminishes with lowering of the tree size classes at a greater rate than the dry matter 
production does. 


Analysis of productivity difference among tree size classes 


The amount of net production (4W) is the difference between the amount of 
photosynthate and the total respiratory loss, i.e. 4W=F(A—R)—CR-, (Iwaki®.®); F, A 
and F indicate respectively the total dry weight, photosynthetic and respiratory rate 
of photosynthetic system (needles), while C and R- indicate the total dry weight and 
respiratory rate of non-photosynthetic system (trunk, branches and roots). The relative 
productivity (P,) mentioned before, i.e. 4W/W(W: total tree dry weight), is expressed 
with the formula P,=F(A—R)/W—CR./W. Comparing the tree weight classes in each 
term of this formula on the basis of the relative weight of each organ in Fig. 4 and 
the physiological data in a previous paper), (1) both F/W and A—R decrease with 
lowering gradation in the tree weight classes, but (2) the value CR./W seems rather 
invariable with the tree weight class, since C/W increases but R, decreases with 
the decrease in tree weight. In conclusion, even under the same microenvironmental 
conditions, the larger tree in size and weight can possess higher relative productivity 
than does the smaller tree. 

Out of numberless environmental factors, light and temperature must be con- 
sidered first of all, because the former directly affects photosynthesis, and the latter 
decides the rate of photosynthesis as well as of respiration. The productive structure 
of Abies stands and the light distribution in them, the most important factors in matter 
production, have already been illustrated in a previous paper®). —— The light in- 
tensity decreased exponentially towards the stand base mainly by means of shading 
of needles. The tree which was lighter in weight was generally lower in its tree 
height as well as in its canopy height. Judging from these facts, the smaller trees 
should receive with their canopies weaker illumination than the larger trees do. This 
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is also brought to light with Fig. 5. About thirty light measurements were carried 
out at random at each stratum and the mean light intensity was obtained, in a 20-year- 
old Abies stand (Forest Unit IV) of 100cm. high. The illumination fetisived by the 
suppressed was only 3-13 percent of full light which was prevailing on the dominant 
The light intensities measured just above the crowns of eighty small trees were tf 
general, slightly higher than the mean value at the same stratum; the surviving Stall 
trees grew at brighter places. 

‘The temperature difference between the forest strata is not so large as observed 
in light factor. Even in a 60-year-old Abies stand of 7.5 m. high, for example, the 

7 highest temperature of 6.5° was measured just below the 
top of crown, and the lowest of 4.0°, above the forest 
floor (2 p.m., May 7, 1959—slightly cloudy). The temper- 
ature in various organs of the Abies trees may not much 
differ from the temperature of surrounding air, judging 
from a study of the diurnal temperature course in buck- 


Dry weight of organ 
Height 


Relative light intensity 


0 100 200g. } 1 

Fig. 5. Frequency histograms of relative light intensities 

Tree dry weight within an Abies stand of 20 years old (Forest Unit IV). 

Fig. 4. Relation between Blank polygons and broken line indicate the light inten- 

tree dry weight and dry sities measured at random at each stratum and the vertical 

weight of each organ, in distribution of their mean values. Solid polygons and line 

Abies Mariesii 20 years old indicate the light intensities measured just above each 

(Forest Unit V). Signs mean canopy of intermediate and suppressed trees and their mean 
the same in Fig. 3. values. On August 18, 1958 (cloudy). 


wheat stands'’). Accordingly, a great difference in the canopy height seems to bring 
about only a little difference in the mean daily temperature of tree organs among 
tree size classes, and such a temperature difference can cause a slight difference in 
productivity among them. The principal cause responsible for the productivity dif- 
ference among tree classes, however, must be the above-mentioned clear difference in 
illumination received by each tree class. 


Resynthesis of different productivity in tree classes 


The important role of light factor in growth competition, which was inferred in 
the preceding section, should be proved by resynthesis of dry matter production of 
the tree, with combining the productive functions and microenvironment factors, 
especially light factor, characteristic of each tree class. This was carried out as to 
the same Abies stand in which the annual net production has directly been estimated 
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(p. 165) (20 years old, Forest Unit V—cf. also Fig. 6 in a previous paper’)). Net pro- 
duction rate was determined in this section as the difference between assimilate and 
dissimilate calculated from photosynthetic and respiratory activity of unit plant tissues‘), 
the former of 3-year-old needles being used in each tree class as an average for all 
of the needles of various ages. 

Recently, Bourdeau"!) has found that the net photosynthesis of conifers kept 
outdoors decreased to zero or sometimes even negative in the cold season with severe 
frost. Pisek and Winkler'?) have also observed a similar depression of photosynthetic 
rate in subalpine conifers of the Central Alps (at Patscherkofel, 1840 m. above sea 
level), when daily minimum temperatures were below —15°. The daily minimum 
temperatures in Mt. Shimagare (Tab. 4) indicate that a similar cold season, during 


Table 4. Temperature condition at Mt. Shimagare. Mean temperatures are the averages 
of temperatures at the highest and the lowest altitudes on Mt. Shimagare*) 
Minimum and 10 a.m. temperatures were assessed from the data observed 

at the Yatsugatake Experimental Farm (1920 m. above sea level), 
10km. southwards from Mt. Shimagare. 


Month | Jan. | Feb. | Mar. | Apr. | May | June | July (Aug. | Sep. | Oct. | Nov. | Dec. 
Mean temp. |-13.6 ~14.1|— 9.5/—2.1 | 3.1 8.8 | 11.6 | 13.7 9.0 4.2 |-1.8 |-12.3 
Minimum temp. 718.91- 19. O14 Le hse 4.2, Toa Bay 4.5 |—0.6 |—6.8 |—17.5 
Temp. at 10 a.m. | | | 0.4 5.4 10.3 | 13.7 | 15.9 | 11.2 | 


6.4| 0.7 


which no photosynthate can be expected, extends from the beginning of December to 
the end of March. 

In order to obtain the annual (or strictly of vegetative season) production per tree 
in each tree class, the daily gross production should be calculated at first, and then 
the monthly one. Symmetric diurnal illumination curve with a midday maximum, 150, 
70 and 20 kilolux in a clear, a slightly cloudy and a rainy cloudy day respectively, 
was adopted according to the photoelectric observations at the site. The monthly 
number of these days was estimated to be 1, 8, and 21 days respectively on the basis of 

40 meteorological data at the montane 
observatories around Mt. Shimagare. 

PET I The daily gross production per 
. dry weight of needles (at 20°) 
as illustrated in Fig. 6 with co- 
ordinate of daily maximum illumi- 
nation, by means of combining the 
2 ‘6, diurnal course of illumination and the 
ee light-gross photosynthesis curve at 
8 20° (cf. Monsi and Saeki!*), Davidson 

0 © and Philip't), Saeki'®)). The photo- 


0 50 100 Klux 150 ; : 
Fig. 6. Hourly light-photosynthesis curves (thin synthesis of needles in each ake 
of the stand was calculated in con- 


ones), and daily gross production curves (thick ones) ‘ 
related to daily maximum illumination intensity. In sideration of the light intensity re- 
3-year-old needles of Abies Mariesii (20 years old), Ceived by them. The absolute light 
Both ordinates are scaled in mg.dry matter/g.needle intensity was calculated from the 
dry weight, at 20°. D, dominant; C, codominant; I, relative value as follows: (1) Rela- 


’ 


intermediate; S, suppressed. In summer, 1958. tive light intensity at each height 


1S 
0Q 


{_ —-—--—-——— 


= 


Daily gross production 
db 
ro 
hotosynthes 
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of needles was determined from a vertical distribution curve of illumination in the 
stand (Fig. 6 of a previous paper®)). (2) This value was multiplied by factors of 1.4, 
1.2 and 1.1 for the suppressed, intermediate and codominant respectively, because 
these trees survive, as seen in Fig. 5, in the spots somewhat brighter than the mean 
light intensity. (3) The relative intensities of light received by needles were obtained 
by multiplication of extinction coefficient to the above-mentioned light intensities (cf. 
Saeki'®)); the extinction coefficient was evaluated as 0.75 from the minimal light 
intensity of 3 percent and the leaf area index of 5 in the stand). (4) These relative 
light intensities were converted into absolute ones by multiplying absolute illumination 
according to the weather conditions. 

With combining these absolute light intensities, the light-daily gross production 
curves in Fig. 6, and the dry weight of needles in the stratum, the daily photosynthate 
in each stratum was easily calculated, and the sum total of the latter gave rise to the 
daily gross production of a tree. These procedures were made for each weather 
condition and for each tree weight class. Monthly gross production per tree was 
computed, in each class, from the daily gross production in consideration of the 
number of clear, cloudy and rainy cloudy days in the month. 

Then, in regard to the seasonal change of productivity the temperature factor 
becomes cardinal factor to be considered. Here, the author simply multiplied, with 
an assumption that photosynthesis at a low temperature will be depressed at the same 
rate in the whole range of illumination, the monthly gross production calculated above 
by the ratio of the light-saturated photosynthesis for the monthly mean temperature 
at 10 a.m. (Tab. 4) to that for the optimum temperature of 20°; these photosynthetic 
values were determined in the photosynthesis curve in Fig. 1 of a previous paper‘). 
The monthly gross productions per tree thus obtained in each tree class for the 
vegetative season (from April to November) are illustrated in Fig. 7. The integra- 
tion of these monthly productions gives the annual gross production of a plant in 
each class (the uppermost line in Fig. 8). It is quite clear that the annual gross 
production decreases remarkably with lowering the gradation in the tree classes (cf. 
also Tab. 5). 

The annual dry matter loss by respiration was calculated by the same method as 
in the analyses by Boysen Jensen!), Iwaki*.®) and Hogetsu et a/'*), through combination 
of temperature effect on respiration and monthly mean temperature (Tab. 4). The 
results are given in Fig. 7 and Tab. 5. The annual net production is, as shown in 
Fig. 8, the surplus of the annual gross production above the annual total loss by 
respiration of the tree. The difference among the tree classes was severer in net 
production than in tree dry weight and gross production (Tab. 5). 

The gross and net production of the 20-year-old Abies stand whose standing crop 
was ca. 2.0kg./sq.m. (cf. Fig. 6 in a previous paper®)) were respectively 1.1 and 0.5 
kg./sq.m., being calculated with the value of gross and net production of each class 
tree and the number of trees in each class (Tab. 5). The annual growth calculated 
from the standing crop difference between the 20-year-old stand and the 23-year-old 
one (2.6 kg./sq.m.—in the said Fig.) was about 0.2kg./sq.m. The gap between the net 
production and the annual growth amount may be filled with the dead trees and fallen 
needles and branches. On the other hand, these rather too small values appear to 
_ result from the low temperature in the habitat and the slow growth of the Abies 
' trees in juvenile stage. 

These calculated values were more or less the same as the results directly ob- 
‘tained by the analysis of tree size measures already discussed, The trend of decrease 
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in the relative values of dry matter production with the tree size diminution was 
quite in parallel —— the relative values of the net production in the previous section 
(p. 165) were 100:43:13:1.5, —— although the net production calculated from photo- 
synthesis was somewhat higher in absolute value than the directly estimated. The 
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Fig. 7. Seasonal changes of month- 
ly gross production (upper) and 


Tree dry weight 


monthly loss by respiration (lower), in Fig. 8. Relation of annual gross pro- 
Abies Mariesii trees of a 20-year-old duction (upper solid line), annual respira- 
stand (Forest Unit V). In the respi- tion loss by each organ, and annual net 
ration of the dominant, the com- production (4W), to tree dry weight. 
ponents for each organ are also In Abies Mariesii trees of 20 years old 
illustrated. Signs are the same as in (Forest Unit V). Signs indicate the same 
Figs. 3 and 6. as in Fig. 3. 


Table 5. Calculated gross and net productions of individual Abies Mariesii trees in 
dry matter (g.), and ratio of gross production to tree weight and of respiratory 
loss to gross production (g./g.). The same 20-year-old Abies stand in Table 2. 

The figures in parentheses indicate the relative values. 


Gross 


Tree Novos Respira- Net 
Tree class weight ei production | tory loss} production | P,/W Ri/Rg 
cow ee (W) (Po) (Ri) (Pn) , 
Dominant 230 (100) 3 {173 (100) | 86.6 [86.4 (100) | 0.75 0.50 
Codominant 142 (62) 5 70 (40) | 40.0 (30.0 (35) | 0.49 0.57 
Intermediate | 60 (26) 8 24 1) CYA) sy 143. s0:9:7, LAL )olee0,40 0.59 
Suppressed 8 (3.5) 20 2.5 (1.4) 1.5 es Ot (gd) 0.31 0.60 


temperature-photosynthesis curves of broad-leaved evergreen trees'”) have revealed 
the fact that the photosynthetic activity of leaves was generally lower in winter even 
at the same experimental temperature, despite of lowering of the optimum tempera- 
ture for photosynthesis, Therefore, the value based on the summer photosynthesis 
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curves may, resulting in an overestimation, be accountable for the said difference 
between both net productions. 

The general agreement between the values calculated in different ways supports 
the mentioned deduction that the intensity of illumination received by the crown 
mainly gives rise to the productivity difference among tree size classes. The final 
decision in intraspecific competition must result from the productivity difference. The 
ratio of gross production (P,) to tree weight (W) demonstrates a productive efficiency 
of the tree dependent on light factor, and the ratio of the total respiration (R;) to 
P, does a respiratory loss rate mainly dependent on C/F-ratio*.®), where C and F are 
respectively the dry weights of non-photosynthetic and photosynthetic system. As 
the net production (Pn) is Py—R: and P,/Py is 1—Ri/P,, the relative productivity 
(Pn/W) can be analysed as (Py/W)x(Pn/P,) or (P,/W)x(1—Ri/P,). This means that, 
if P,/W is larger and R;/P, is smaller, the relative productivity should become higher. 
Therefore the dominant which bears these features (cf. Tab. 5) can perform the 
highest gross production with high efficiency of leaves under high illumination, and 
consumes rather small portion of the photosynthate in respiration to maintain itself. 
So growth of the dominant becomes extremely larger than that of the others with 
the lapse of time, bringing about further tree height difference and consequently large 
difference in light factor among them. And the reverse is the fact in the suppressed. 
The intraspecific competition which appears in the growth difference should be severer 
in the stand with wider frequency distribution in plant weight. 


Summary 


Intraspecific competition for weight growth was analysed in constituent Abies 
trees within a 20-year-old A. Mariesii and A. Veitchit mixed stand of Forest Unit 
V on Mt. Shimagare. 

1. Annual dry matter increments in needles, branches, trunk and roots of each 
of trees, which were classified into the dominant, codominant, intermediate and sup- 
pressed, were estimated by the mathematical analyses of tree measures. Annual net 
production, the sum total of these increments per tree, increased with rise in grada- 
tion of the tree weight class. Also the relative productivity (net production/tree 
weight), the net assimilation rate and the relative growth rate indicated the same 
trend. 

2. The inner and outer factors concerned with the dry matter production were 
discussed. The somewhat high proportion of needles for the total dry weight and the 
high light intensity received by needles were responsible for the high productivity in 
the dominant class. 

3. Annual gross production per tree was calculated in each tree weight class by 
combining photosynthetic activity and light factor received by each canopy, with 
correction by seasonal temperature changes. Annual respiration loss was also calcu- 
lated. 

4. The difference between the annual gross production and the annual respira- 
tion loss gave the net production per tree. This value was in accord with the annual 
net production determined by the analyses of tree measures, in each class. The ac- 
cordance may prove the soundness of the calculations. 

5. The suppressed tree made relatively small gross production under weak il- 
lumination, but high respiration loss comparing with its dry weight. So the growth 
rate of the suppressed became very low. The reverse was seen in the dominant. 
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Such difference in matter production between the dominant and other tree classes 
should cause marked growth difference with the lapse of time. 


The author’s grateful acknowledgment is expressed to Prof. M. Monsi, Prof. K. 
Hogetsu and Assistant Prof. T. Satoo for their guidance and suggestions under which 
this work was accomplished. 
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Studies on the Light Controlling Flower Initiation of Pharbitis Nil. 
VI. Effect of Natural Twilight 


by Atsushi TAKIMOTO* and Katsuhiko IkEDA* 


Received September 9, 1959 


Many investigators consider that the photoperiod affecting flower initiation begins 
at the time at which luminosity becomes 1-10 lux and ends at the time at which 
luminosity is also 1-10 lux. This conclusion is based upon the fact that the light of 
this intensity inhibits the dark process of photoperiodic induction, if the light of this 
intensity is used as a source of an illumination for a light-break of the dark process 
or as a supplementary light':?.*). In Pharbitis Nil, too, plants subjected to light of 
1-10 lux for 16 hours or more can not initiate a flower primordium, and those sub- 
jected to complete darkness for 16 hours or more can do so readily‘.’.*). But as has 
been reported previously, the first process of the inductive dark period is believed to 
be a relatively light-stable one and can proceed even under the illumination of 10-50 
lux as easily as in the darkness*). It has also been reported that the last process of 
the inductive dark period is also relatively light-stable but this is less stable than the 
first one’). Thus, the critical light intensity which inhibits floral induction varies 
with the phases of the dark period. 

Plants grown in natural daylight receive twilight at the first and the last phase 
of the dark period, and in both of them the processes inducing flowering are relatively 
stable to light. Therefore, twilight length must be taken into consideration to define 
the natural day length for the photoperiodic induction. 

In the present investigation, the critical light intensities in the first and the last 
phases of the dark period for the photoperiodic induction are examined with Pharbitis 
seedlings under natural daylight condition. 


Material and Methods 


Material used was seedlings of Pharbitis Nil, strain “ Violet”. Photoperiodic be- 
haviour of the seedling of this plant was reported recently by Kujirai and Imamura’). 

Seeds were treated with conc. H:SO, for 40-50 minutes, washed in running water 
for about one day, and spread on moistened sand. Two days after the treatment 
with H:SO:, germinating seeds were selected for uniformity and sown in 30x 20 x 10 cm’. 
wooden boxes filled with garden soil. In each box 60 plants were placed in 4 rows, 
and grown under continuous illumination supplemented with incandescent light at 
night. Two days after the sowing, cotyledons expanded, and one day later the in- 
ferior individuals were removed, and the seedlings were subjected to the experimental 
treatment. 

To eliminate the error due to the individuality of the boxes, experiments were 
designed in such a way that the rows of plants receiving different treatments were 
growing side by side in one box in randomized order. Light was excluded when 
desired by covering the plants with light-tight tin boxes. 

All experiments were undertaken in a greenhouse, in which the temperature was 
25+2° during the treatment. After the treatments plants were kept under continuous 
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illumination supplemented with incandescent light of 500 lux at night. About two 
weeks later, plants were harvested and dissected under a binocular microscope. 


Experiments and Results 


Experiment 1. On March 16 and 17, 1959, plants of 4 boxes were treated as 
follows: 

The first lot of the plants consisting of four rows was subjected to natural day- 
light, but they were covered from 7:00p.m., when the luminosity was 0 lux, to 
5:20a.m. of the next morning, when the luminosity was also 0 lux. Remaining six 
lots of the plants, each lot consisting of two rows, were darkened from the times at 
which luminosities were 500, 200, 100, 50, 10 and 1 lux to the times at which lumino- 
sities were 500, 200, 100, 50, 10 and 1 lux, respectively. Thus, the first of the seven 
lots was subjected to natural daylight and received a dark period of shorter duration 
than the other six lots. Similar treatments were repeated next day. 

From the time at which luminosity was 500 lux to the time at which luminosity 
was 0 lux, the luminosity of natural daylight was measured by a Mazda lux meter 
with one minute intervals. The changes in luminosity with time are shown in Fig. 1. 


Table 1. Effect of twilight on photoperiodic responses of Pharbitis seedlings. 
Plants were darkened from the varying times of the evening at which 
luminosities were 0-500lux to the corresponding times of 
the next morning. (Treated on March 16 and 17, 1959) 


taavucnt abs Duration of dark period mel & % of ne % Of - 
athe plant and - | plants plants with flower buds plants a 
eae ae March 16 March 17 dissected flower buds per plant Kecanniivall 
» = 7 | 
0 104 20’ 105 20’ 48 97.9 NeD 0 
1 115 25’ 11517’ 25 96.0 vate 0 
10 11" 42! 115 39/ 27 100 2.4 0) 
50 12° 00’ 11257’ 22 95.4 2.8 0 
100 PA GY! 125 08’ | 20 100 Sal. 5.0 
200 12" 28 12° 18’ 21 100 3.8 28.6 
500 IBGE 13 14’ 25 100 4.6 96.0 


Results are shown in Table 1. Plants subjected to natural day length initiated 
1.9 flower primordia per plant in the average. The plants darkened from the times 
when the luminosities were 1, 10, 50, 100, 200 and 500 lux to the times having the 
corresponding luminosities of the next morning initiated 2, 2y45) 2.05 ih. d0p Bee 
flower primordia per plant, respectively. If the first and the last phase of the inductive 
dark period proceed under light of 1 lux or less as easily as in complete darkness, 
flowering response of the plants subjected to natural night length and those darkened 
from the time at which luminosity was 1 lux to the time having the same luminosity 
in the next morning have to initiate flower buds to the same extent. But this was 
not the case. 

Thus, it appears that light of only 1 lux suppresses the flowering response to 
some extent. It had been reported previously‘), however, that the first process of 
the inductive dark period can proceed under light of 10-50 lux as easily as in darkness 
in this plant. It is conceivable that the difference of the photoperiodic responses 
between the plants subjected to natural day length and those darkened from the time 
at which luminosity was 1 lux to the time of the same luminosity in the next morning 
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was due to the effect of morning twilight. 

Evidence was already available that the last process of the inductive dark period 
was relatively light stable but less so than the first one’). In the previous experi- 
ment, however, light sensitivity of the last phase of the inductive dark period was 
examined during the 12th to 16th hour of the dark period. The process taking place 
during the 12th to 16th hour of the dark period is relatively light-stable, but the 
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Fig. 1. Luminosity of natural daylight in the evening and in the morning. 
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process taking place during the 10th to 11th hour of the dark period—this corresponds 
to the last phase under natural conditions—is considered to be highly light-sensitive. 
In the next experiment, the effect of twilight in the evening and in the morning was 
investigated separately. 

Experiment 2. On April 18 and 19, 1959, two groups of plants each consisting 
of 4 boxes were treated as follows: 

Group 1: Four rows were subjected to natural daylight but from 7:20p.m., at 
the time luminosity was 0 lux, they were covered with light-tight tin boxes. Six lots 
of plants each consisting of two rows were darkened from the times at which lumi- 
nosities were 500, 200, 100, 50, 10 and 1 lux in the evening. All light-tight covers 
were removed at 5:15a.m. the next morning. Similar treatments were repeated again 
next day. The luminosities in the evening twilight are shown in Fig. 1. 


Table 2. Effect of twilight in the evening and in the morning on photoperiodic 
responses of Pharbitis seedlings. 
Group 1: Plants were placed in darkness from the different times 
of the evening at which luminosities were 0-500 lux 
until 5:15a.m. of the next morning. 
Group 2: Plants were placed in darkness from 6:30p.m. until 
the next morning at various luminosities ranging 
from 0 to 500 lux. 
(Treated on April 18 and 19, 1959) 


Luminosity of day-| Duration of dark period 
G light at the start |——————_— ye ———— | Now. 0 ote Nologt 
LOUD ol) Sri ee ont Ge plants plants with flower buds 
daritirceatinent CO april 18 April 19 | dissected flower buds per plant 

0 9b 55! Ob 55! 54 29.6 0.4 

1 | LOE 19! 108 19’ | 29 31.0 0.6 

10 NO are 105 30’ 28 17.9 OZ 

1 50 105 35’ 10° 40’ 28 S2K2 0.4 

100 105 40’ 105 43’ 25 24.0 0.3 

200 10° 46’ 108 47’ 19 44.8 0.6 

500 11038 11°17’ 29 93 1 2.0 

| 0 10® 00’ 10 00’ 53 5.7 0.1 

1 10> 26’ 105 27’ 26 34.6 0.6 

| 10 10® 35’ 10” 37’ 27 55.6 0.6 

2 ) 50 105 43’ 10" 45’ 26 42.3 0.5 

| 100 10" 48’ 10%50’ | 87 59.3 0.9 

200 10% 55’ 10°55’ 29 69.0 1.2 

500 ult yy TIPO! 28 100 2.1 


As shown in Table 2, plants subjected to natural daylight in the evening, and 
those darkened from the times at which luminosities were 1, 10, 50, 100 and 200 lux 
initiated flower primordia to the same extent. Plants darkened from the time at 
which luminosity was 500 lux initiated significantly more flower buds than others. 

Similar experiments which are not represented here, were undertaken on March 
29 and 30, 1959, and gave similar results. 

These results show that the first phase of the dark process inducing flower pri- 
mordia can proceed under natural daylight of 1-200 lux as readily as under darkness 
Sunset on April 18 occurred at 6:31 p.m., at the time luminosity was about 200 jane 
The inductive dark process is considered, therefore, to proceed from the time of simeet 
or thereabout. 


Group 2: All the plants were covered at 6:30 p.m. Four rows were returned 
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to natural daylight at 4:30a.m. the next morning, at the time luminosity was 0 lux. 
Another 6 lots each consisting of 2 rows were subjected to natural daylight from the 
time at which luminosities reached 1, 10, 50, 100, 200 and 500 lux in the morning. 
Luminosities in the morning twilight are shown in Fig. 1. 

As shown in Table 2, with delayed removal from darkness, the number of flower 
primordia initiated was increased. The plants subjected to natural daylight in the 
morning from the time at which luminosity was 0 lux initiated only 0.1 flower bud 
per plant, but those kept in the dark until the time at which luminosity was 1 lux 
initiated 0.6 flower bud per plant. Thus, only 1 lux of natural daylight inhibits the 
last phase of the dark process. Similar experiments were undertaken on March 29 
and 30, 1959, and gave similar results. It appears that the last phase of 10- to 11- 
hour dark period is very sensitive to natural daylight, and that the difference of the 
flowering responses between the plants subjected to natural day length and those 
placed in the dark from the time at which luminosity was 1 lux to the corresponding 
time of the next morning in Experiment 1, is attributable to the effect of morning 
twilight. 

Luminosity at the beginning of civil twilight is about 1 lux. Therefore, it is 
considered that the inductive dark period ends before the beginning of civil twilight. 


Discussion 


From the present experiments, it appears that the inductive dark period in Phar- 
bitis plants begins when the luminosity is about 100-200 lux—this corresponds to the 
time of sunset—and ends at or before the beginning of civil twilight. 

Some preliminary experiments which are not presented here showed that the first 
two hours of 12-hour dark period can proceed to some extent even under the light 
of 200-1000 lux, and that the last two hours of 12-hour dark period can also proceed 
to some extent under the illumination of 0.5-10 lux. In these cases the flowering 
responses are decreased with increasing light intensities. 

Plants cultured under natural daylight are subjected to light whose intensity de- 
creases gradually in the evening, and increases gradually in the morning. The induc- 
tive dark process is also assumed to begin and end gradually under these conditions. 
Therefore, the beginning or the end of the inductive dark period can not be de- 
termined clearly. But generally it may be said that the inductive dark period 
begins at the time of sunset and ends at the beginning of civil twilight. 

The luminosity at the sunset or the beginning of civil twilight varies considera- 
bly with the weather. Some data obtained at Kyoto are presented in Table 3. In 


Table 3. Effect of weather on biological day length. 
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this table, biological day length for flowering of this plant was regarded as the period 
from the time at which luminosity was 1 lux in the morning to the time at which 
luminosity was 200 lux in the evening. On clear days the biological day length is 
longer than the astronomical day length by some 20-30 minutes, and it As ap- 
proximately equal to the length of time from the beginning of civil twilight to 
sunset. On cloudy days, biological day length is nearly equal to astronomical day 
length. 

The time at which luminosity is 200 lux in the evening is earlier than sunset by 
some 30 minutes on cloudy days, but the difference between the time at which lumi- 
nosity is 1 lux and the beginning of civil twilight varies with the weather only a little 
and rarely exceeds 15 minutes. Thus, the weather affects mainly the end of biological 
day length. 

From these points of view, the biological day length for Pharbitis plants at the sum~ 
mer solstice is about 14.5-15 hours at Kyoto. The critical day length of Pharbitis Nil is 
also about 15 hours*-*). Pharbitis plants cultured in the field initiate flower primordia 
late in June or early in July, at which time the day length is longest. Before June, 
the day length is shorter than the critical day length of Pharbitis plants. Why do 
Pharbitis plants cultured in the field under natural conditions not initiate flower 
primordia until the end of June or beginning of July ? It appears that the night 
temperature is too low before June. Optimum night temperature for flower initiation 
of Pharbitis plants is about 25°, and the photoperiodic response is reduced with lowered 
temperature at night. 

Pharbitis plants subjected to fully inductive short photoperiod initiate a terminal 
flower bud and stop further growth. But plants cultured under natural day length 
are subjected to nearly critical photoperiod every day in June and July, and under 
these conditions flower buds are initiated successively in the leaf-axils, and no terminal 
flower bud is formed. Thus, under natural conditions, Pharbitis plants grow vigor- 
ously and initiate lateral flower buds. 

Whether the results obtained here can or can not be applied to other plants is 
uncertain, and remains to be examined. 


Summary 


Effect of natural twilight on photoperiodic responses of Pharbitis seedlings was 
examined. 

1) The inductive dark process proceeds from the time at which luminosity is 
about 100-200 lux. 

2) The inductive dark process is inhibited by morning twilight of 0-1 lux. 

Generally, it may be said that the biological day length for flowering of this 
plant begins at the beginning of civil twilight in the morning and ends at the time 
of astronomical sunset. 

On cloudy days, however, the biological day length becomes shorter than that on 
clear days by some 30 minutes and becomes nearly equal to the astronomical day 
length. 


Grateful acknowledgment is given to Prof. S. Imamura for his suggestions and 
criticisms. 
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Nuclear and Cell Divisions in Zoospore Formation of 
Ulva pertusa Kjellman 


by Hiroshi YABU* and Jun TOKIDA* 


Received October 9, 1959 


Cytological studies of the green algae belonging to the family Ulvaceae have 
been reported to date by four investigators, viz., Carter'), Féyn’.*), Ramanathan‘), and 
Niizeki®). Meiosis in those algae has been established to take place in zoospore for- 
mation by F¢yn*) and Ramanathan‘). 

Among the Japanese species of this family, Enteromorpha Linza (L.) J. Ag. is 
the only one that has hitherto been treated cytologically®). In the present paper, the 
writers wish to report some results of their recent investigation on the nuclear and 
cell divisions in zoospore formation of Ulva pertusa Kjellm. 

The material was collected in the middle of April, 1955 at Nanaehama near 
Hakodate. It was brought to the laboratory and kept alive for some time in glass 
vessels containing sea-water. The fixation of the material was done from 8p.m. of 
the collection day to 6a.m. of the following day at intervals of 30 minutes, with 
two kinds of fixing fluids, viz., Navashin’s solution and Flemming’s weaker solution 
made up, of course, with sea-water. Three to four hours were sufficient for fixing. 
Sections were cut 2-3 » in thickness by the paraffin method at right angles or parallel to 
the surface of the thallus, and were stained with Heidenhain’s iron haematoxylin. 
In a section cut parallel to the thallus surface, the nuclei were likely to be confused 
with the pyrenoids, so the observation here described was made with the sections 
cut at right angles to the thallus surface. 

Thallus cells adjacent to the fertile area of the zoospore-producing material always 
contained a single nucleus near the center of the cell cavity and a single nucleolus 
within each nucleus. In the beginning of the nuclear division, the nucleus and the 
nucleolus gradually increased in size. Thin chromatin threads soon appeared in the 
nuclear cavity and the synapsis stage set in. Then the threads spread to fill up the 
whole cavity (Fig. 5). In diakinesis stage, a few V-shaped chromosomes were observed 
(Fig. 6). Thirteen bivalent chromosomes were counted in this and the following 
stages (Figs. 6-8). This haploid chromosome number coincides with that counted by 
F¢yn*) in Ulva lactuca, but not with those reported by Carter’) in Ulva lactuca and 
by Ramanathan‘) in Enteromorpha compressa var. ligulata. It also differs from the 
chromosome number reported recently by Niizeki®) in his materials of Enteromor pha 
Linza collected in Tokyo Bay. He reports that his materials were considered to be 
a strain represented by haploid generation only, and that they produced _ biflagellate 
asexual swarmers without meiosis and 12 chromosomes were counted at metaphase 
of the first nuclear division in the swarmer formation. 

The nucleolus and the nuclear membrane disappeared completely in metaphase and 
reappeared in telophase (Fig. 11). In side view of the metaphase, a small centrosome- 
like body was clearly observed at each pole of the spindle (Figs. 9 and 22). Equatorial 
plate of the first nuclear division was always parallel to the thallus surface, there- 
fore the cell division following the first nuclear division was likewise parallel to the 
thallus surface. In the daughter cells thus formed, the second nuclear division started 
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Figs. 1-20. Nuclear and cell divisions in fertile cells of the sporophyte of Ulva pertusa: 
1-4,”synapsis; 5, spireme; 6, diakinesis; 7-8, late prophase; 9, metaphase; 10, anaphase; 11, 
interkinesis; 12-15, the second nuclear division; 12, late prophase; 13, metaphase; 14, three-cell 
stage; 15, four-cell stage; 16-17, metaphase of the third nuclear division; 18, eight-cell stage; 
19, sixteen-cell stage; 20, zoosporangium after the liberation of zoospores, three of which still 
remain within. (Figs. 1-20, x1870) 


immediately (Figs. 12 and 13). The second cell division was either at a right angle or 
parallel to the thallus surface (Figs. 14-17). The second and the succeeding nuclear 
divisions in all of the cells produced in a young zoosporangium generally took place 
simultaneously (Figs. 12, 13, 16 and 17), but sometimes with a slight discrepancy as 
shown in Fig. 14. As a result of the successive third and fourth nuclear and cell 
divisions, 16 small cells were eventually formed within a zoosporangium, and each of 
those small cells was converted into a quadriflagellate zoospore (Fig. 20). As for the 
number of the zoospores formed in each sporangium, Printz*) gives “4-8” in his 
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Figs. 21-25 and 27. Photomicrographs of microtome sections through fertile parts of the 
sporophyte of Ulva pertusa: 21, part of a section showing cells at the stages of the first and 
second nuclear divisions; 22, a single cell showing side view of the metaphase of the first nuclear 
division; 23, part of a section showing cells mostly at the stages of the second and third nuclear 
divisions; 24, part of a section showing mature zoosporangia; 25, part of a section stained with 
aniline blue showing mature zoosporangia containing 16 zoospores; 27, part of Fig. 25, enlarged. 
(Figs. 21, 23 and 24, x680; Fig. 22, x1400; Fig. 25, x 425) 

Figs. 26 and 28. Photomicrograph of a microtome section, stained with aniline blue, through 
a fertile part of a gametophyte of Ulva pertusa, showing mature gametangia containing 32 
gametes; 28, part of the preceding figure, enlarged. (Fig. 26, x425; Fig. 28, x850). 


: 5s a Aon 


general account of the family Ulvaceae. However, the writers have ascertained that 
Ulva pertusa collected at Nanaehama produced 16 zoospores in each sporangium (Figs. 
19 and 25). By the way, the number of gametes produced in each gametangium of 
this species was 32 in the writer’s specimens from Nanaehama (Fig. 26), while it was 
described by Printz*) in Ulvaceae as “8 (seltener 4 oder 16).” 


Summary 


The zoosporophyte of Ulva pertusa Kjellm. collected near Hakodate is reported 
here to have been proved cytologically to undergo meiosis in zoospore formation as 
previous authors have already reported in other species of Ulva and Enteromor pha. 
Haploid chromosome number was established to be 13. A centrosome-like body was 
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present at each pole of the spindle in the metaphase of meiosis. Each sporangium 
produced 16 quadriflagellate zoospores. 


The present study was supported in part by a grant in aid for Miscellaneous 
Scientific Research from the Ministry of Education. 
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The Occurrence of Gibberellin-like Substances in Cereal Grasses 


by Yutaka MURAKAMI™ 


Received October 13, 1959 


Unlike the oat coleoptile, which reacts sensitively to light, the green rice leaf 
does not bend toward the source of the light. In the previous paper’), it was demon- 
strated that the sucrose-induced growth in the length of leaf sheath sections isolated 
from the basal region of the rice leaf was inhibited by auxin but stimulated by 
gibberellin A. Moreover, the author?) found that the ether extract of immature bean 
seeds contains a growth substance which promotes the growth of the intact foliage 
leaf of rice plants. These facts led the author to suspect that a growth factor or 
factors other than auxin may be operating in the growth regulating system of rice 
plants. On the other hand, the gibberellins, which were initially isolated from the 
metabolic product of the fungus Gibberella fujikuroi, have now been established to 
occur in higher plants by several researchers?:‘:*) including the author*®). Some of 
the active substances have been identified as gibberellin A:.’-**). Hence, it seemed 
interesting to examine whether or not the growth factor such as gibberellin A is 
detected in rice plants. 

This paper aims to present the direct evidence for the occurrence of gibberellin 
A or its similar active substances in cereal grasses. 


Materials and Methods 


The occurrence of gibberellin-like substances was examined on shoots, roots, and 
immature grains of rice, wheat, and maize. 

Rice (var. Aichi-asahi) was grown in the paddy field in order to take samples of 
shoots and immature grains. 230 shoots (total fresh weight 184g.) at the fifth leaf 
stage, and 11,130 grains (total fresh weight 260g.) at the milk ripe stage were har- 
vested for the extraction. 620g. fresh weight of roots were detached from the plants 
at the tenth leaf stage, which were grown in water culture. 

Wheat (var. Akasabishirazu) was grown in the field. 220 shoots (total fresh weight 
220 g.) at the seventh leaf stage and 2,400 grains (total fresh weight 95g.) at the 
similar ripe stage to that of the rice plant were harvested for the extraction. 

Maize (var. Chok6 161) was also grown in the field. 190 shoots (total fresh weight 
220 g.) and 150 g. of roots were harvested at the fourth leaf stage. Roots were washed 
free from soil. 1,620 grains (total fresh weight 290g.) were harvested at the milk 
ripe stage. 

The methods of plant extraction, chromatography, and bioassay are similar to 
those used in the previous papers®.'°). 

Extraction: Each plant material, immediately after harvesting was ground ina blen- 
dor with eight times its fresh weight of 70% acetone and this blended mixture was 
allowed to stand overnight at room temperature. The homogenate was then filtered 
off the solid material with suction, and the residue was extracted once more in a simi- 
lar manner. The combined filtrates were evaporated under reduced pressure. The 
resulting aqueous residue was adjusted to pH 7.0 with sodium hydroxide and filtered. 
The filtrate was acidified to pH 2.0 with phosphoric acid and extracted with three 
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portions of ethyl acetate. The ethyl acetate solution was then extracted with three 
portions of 1M phosphate buffer at pH 7.0. This phosphate buffer solution was 
acidified to pH 2.0 with phosphoric acid and extracted again with three portions of 
ethyl acetate. The ethyl acetate extract was dried by anhydrous sodium sulfate 
overnight and then the solvent was distilled off under reduced pressure. The result- 
ing residue was taken up in a small volume of acetone and was subjected to paper 
chromatography. 

Paper chromatography and bioassay: Ascending paper chromatography was car- 
ried out on Toyd No. 50 filter paper at about 28° with the mixture of iso-propanol 
/water/ammonia (10:1:1) until the solvent front was 32cm. from the starting line. 

The developed chromatogram was dried and 
divided transversely into 16 equal strips. Each 
strip was again cut into fine segments, placed in 
beakers 2cm. in diameter and 7cm. in height 
containing 1.5ml. of water, and bioassayed by the 
author’s rice seedling method, which is specific to 
gibberellin A. Briefly, five rice seedlings (var. 
Aichi-asahi), whose coleoptiles attained about 1lmm., 
were planted on each paper piece and allowed to 
grow under ordinary daylight conditions at about 
30°. They were supplied with 0.5 ml. water every 
day. The length of the second leaf sheath was 
measured after 7 days. A result typical of the 
rice seedling method is given in Fig. 1. 
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The occurrence of gibberellin-like activity in Gibberellin As (mg./I.) 


cereal grasses was examined in the extracts ob- Fig. 1. Response of the second leaf 
tained from shoots, roots, and immature grains of sheath of rice seedling to gibberellin 
rice, wheat and maize. Theresultsaresummarized s- 

in the form of histograms showing the length of leaf sheath of the test rice seedling 
(Fig. 2). It will be seen from these histograms that the gibberellin-like activity is 
detected in all tissues of cereal grasses examined. 

On the extracts from rice shoots (Fig. 2-A), roots (Fig. 2-B), and grains (Fig. 2-C), 
and wheat grains (Fig. 2-E), the gibberellin-like activity was spread over the lower 
half of each chromatogram with the maximum peak near R¢ 0.3. When gibberellin 
A alone is developed with ammoniacal iso-propanol and bioassayed with rice seedlings, 
its growth-promoting activity is found near R¢ 0.7?:5). Since impurities in plant ex- 
tracts cause variations in the R; value of gibberellin A, further investigations are 
required to confirm whether the chemically known gibberellin A is responsible for 
these growth-promoting activities. 

On the histograms of the extracts obtained from wheat shoots (Fig. 2-D), and 
maize shoots (Fig. 2-F), roots (Fig. 2-G) and grains (Fig. 2-H), another zone of growth- 
promoting activity was detected at the solvent front in addition to that already men- 
tioned. Very recently, Simpson") has found a similar result with etiolated wheat 
seedlings. He has reported that the extract obtained from etiolated wheat seedlings, 
after chromatography on paper with ammoniacal iso-propanol and bioassay with a dwarf 
pea, gives two zones of growth promotion and that one of them is located at the 
solvent front, 
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I.ength of the second leaf sheath of rice seedling (cm.) 


0 0.5 1.0 0 0.5 tie 1,0 


R¢ Rf 
Fig. 2. Histograms showing gibberellin-like activity of extracts of cereal grasses after paper 
chromatographic development with ammoniacal isopropanol. Broken lines denote water controls. 
A, rice shoots; B, rice roots; C, immature rice grains; D, wheat shoots; E, immature wheat 
grains; F, maize shoots; G, maize roots; H, immature maize grains. 


The approximate amounts of substances with gibberellin-like activity were esti- 
mated by comparison with a standard gibberellin As; bioassay. The total active sub- 
stances in 100g. fresh weight of rice, wheat and maize grains were approximately 
equivalent to 0.7, 1.5, and 0.5 “g. gibberellin As, respectively. In their shoots or 
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roots, there was a much lower concentration of gibberellin-like substances. The con- 
centration was roughly estimated to be 0.1-0.5 ug. per 100 g. fresh weight. Radley) 
has found the similar amounts of gibberellin-like substances in pea shoots, while 
McComb and Carr") have found 2.1 yg. gibberellin As equivalents per 100g. fresh 
weight of pea shoots. It should be noted that these results are only semi-quantitative. 


Discussion 


The present experimental data indicate that the gibberellins, which are character- 
ized by their capacity to induce the elongation of intact green plants, are widely dis- 
tributed in various tissues of cereal grasses and operating in their growth regulating 
system. 

Numerous height varieties of many cultivated plants are in existence and their 
inheritable size is generally believed to be related to the metabolism of auxin such 
as indoleacetic acid. Indeed, auxin, which was driven from the study of a curvature 
of the coleoptile, has been shown to promote markedly the growth of the section of 
coleoptiles. Thus the oat or wheat coleoptile section is most widely used for the 
survey of naturally occurring growth substances in plants. Mhere are, however, little 
records of auxin applications increasing growth of intact green plants. It is generally 
assumed that this absence of growth-promoting activity would be expected if auxin 
levels in green plants are not suboptimal, but there is no direct evidence for the 
supra-optimal presence of free auxin in them. On the contrary, no free auxin, which 
is diffusible into agar block, could be detected in the green leaf of rice plants’). 
Further, supplying an auxin, 2, 4-dichlorophenoxyacetic acid, to dwarf green rice 
plants may initiate growth responses such as epinasty but, depending on the amount 
supplied, may check normal growth as would a toxin. 

Gibberellin A promotes the growth of intact green plants and, morever, there is 
now a considerable body of evidence on the occurrence of gibberellin A or its similar 
active substances in a wide range of plant tissues. These facts suggest that the in- 
heritable height of plants is not related to a hormone of auxin but that of gibberellin. 
Therefore, the bioassay of the hormone controlling growth should be carried out by 
the use of the intact green plant. 

Also, it has been known that gibberellin A has a slight activity in the oat or 
wheat coleoptile section test'*.'4). The possibility must be recognized, therefore, that 
the existence of gibberellin-like substances in plant extracts may occasionally be 
demonstrated under the name of auxin, if the oat or wheat coleoptile section test is 
used for the bioassay of native growth hormones. 


Summary 


The occurrence of gibberellin-like substances in extracts of shoots, roots and 
immature grains of rice and maize, and shoots and immature grains of wheat was 
examined by the rice seedling method after chromatography on paper with ammoniacal 
iso-propanol. 

Gibberellin-like substances were present in amounts approximately equivalent to 
0.1-0.5 vg. of gibberellin A; per 100 g. fresh weight in shoots and roots, and 0.5-1.5 ug. 
in immature grains. 

The necessity for the use of intact green plants for bioassay of hormones, which 
are responsible for elongation in shoots, is discussed. 
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Summary 


1. IAA and PAA added as growth substances in culture medium have respectively almost 
the same effect as the standard medium on the morphological differentiation of gametophyte 
of a fern, Dryopteris erythrosora. 

2. No diffusible auxin is detected in all stages of gametophyte development examined. 

3. Ether extractable auxin is detected only in later stages of gametophyte development 
when the meristematic region acts vigorously. In other stages, from spore to young 
gametophyte, ether extractable auxin is not detectable. 

4. By the chromatographic analysis of bound auxin it is revealed that in the one-dimen- 
sional growth bound auxin is present as JAA and three growth promoting substances (Yj, 
Y2, Y3) and in the two-dimensional growth as JAA, two growth promoting substances (Yj, 
Y2) and one growth inhibiting substance (Y3’). 

5. From these results it may be concluded that changes of bound auxin are correlated 
solely to the two-dimensional differentiation. 
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Summary 


1) The effect of diphenylamine (DPA) added to the culture media upon the chromogen- 
esis of Penicillium islandicum Sopp., NRRL 1175, was investigated, and the results are 
shown in Table 2. At lower concentrations below 1x10-4 M, DPA did not show any signifi- 
cant effect on the mycelial growth and the formation of erythroskyrin was delayed nearly 
a week in comparison with the control. 

2) At the concentration of 2.5x10-4M DPA, the growth of the fungus as well as the 
formation of anthraquinone pigments was apparently reduced, but any of the component 
anthraquinones was not lost. However, the formation of erythroskyrin was completely abol- 
ished in this case. 

3) Since DPA has been shown to be specific inhibitor for the carotenogenesis in general 
(Goodwin et al.), erythroskyrin seems to be a carotenoid-like substance. 

4) As regards the unknown pigments described in the preceding paper), pig—0.8 was 
identified as emodin (cf. Fig. 1) by paper chromatography (Tab. 1), and pig-C has been made 
plausible by Shibata et al.?,3) to have the structure of 4, 5, 7, 4’, 5’, 7/-hexahydroxy-2, 2/— 
dihydroxymethly—bis (1-1’)-anthraquinone (cf. the structural formula in Fig. 1). 

5) In the light of these and previous results!) of our experiments, biosynthetic inter- 
relationship of the pigments concerned was discussed. In consequence, it was shown that 
Shibata’s hypothetial biosynthetic scheme (Fig. 1) is consistent in its essential feature with 
our experimental findings, but not in subsidiary pathway involving chrysophanol, flavoskyrin 
and emodin. This awaits further studies. 
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PikKRO Alc, Fig. 1, 2 cet CoOL<, WR 
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basic Feulgen PAYED 2 fib S. © 
DFA BRKCH SB, ENICTO-MAUE CH 
C, MHEKERTCLEHS. LoL, MEMOS 
BDOES, EON iE DRE CH LT 
ZMBAMILAEW SA Chevy. TO Err Feulgen 
BEAT BPsb HARK EU Cho, FARO 
Asterella, Plagiochasma *@ (Tatuno 1956*)) 
FS BHA AA LR, AMOR (Fig. 3, 4) chi 
BIS 2 HD AGA REKO AMAICHRT SEO 
Cad. 

—fHie N=1l6E DEV YYATILIMOREKO 
8 {HD 5 % 2 (ela) I%-C Darlington et al. (1951")) 
LON Si, Ss CHUTIBDO, Si tk Ss LOLM 
FEOPIE DS ARI. FE ORES Lic H BEAR 
FUKILH DITTO Si WHY L, AMIE O 
MOCHA LCS. HBRRSS CLIX, CO 
Si OF MAE AIG (Fig. 5, 6) ic3sv»Trk Feulgen 
Mihts LOA Vat vR BV CER GAARHSHE 
obthiewwok CHS. Lr*i5T, Darlington 
FD DB AREARAIICIE AT EK He fe RAL Cre 
Vs. Siebb, TOPMBARIEPRIEMMC IVY TIRU 
)S positive Heteropyknose # a LC/){le fF 
D, WMA SAIMNCHoC, RHHWBKEL, 
negative Heteropyknose # RP ULOLEZ OH 
Q. CHL ywMo Targionia hypophylla te & om 
MOR EIKOWE & AE CaS (Tatuno 19564)). 
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Fig. 1-6: Chromosomen der Wurzelspitze von Hyacinthus orientalis. 1, 2: Ruhekern, 
wobei die zwei Nukleolini immer im einen Nukleolus erkennbar sind. 3, 4: Prophase, 
zwei Satelliten-Chromosomen sind sichtbar. 5, 6: Metaphase, 21 = 16. Vergr. 1500, 
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Zusammenfassung 


Bei einer Gartenvarietait (2n = 16) von Hyacinthus orientalis k6nnten wir Nukleolinus- 


Chromosomen entdecken. 


Die zwei Nukleolini in jedem Nukleolus der Ruhekerne stammen 
aus den Satelliten der zwei Satelliten-Chromosomen. 


Die Satelliten sind in Metaphase im 


allgemeinen unsichtbar, da sie dabei negative Heteropyknose zeigen. 
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Studies on the Dehydration Resistance of Higher Plants II 
Theoretical Consideration of Dehydration Resistance* 


by Tadayoshi TAZAKI** 


Received November 6, 1959 


In a previous paper!) the result of experiments was mentioned for determining 
measures related to the dehydration resistance of mulberry plant (Morus alba). In 
this paper will be introduced some mathematical formulae concerning the water 
economy and then the dehydration resistance, of higher plants to begin with. 


1. Fundamental equation of water economy and dehydration resistance 


At first the water economy of higher plant in normal condition will be considered. 
The most general expression for the water economy of a plant or a plant part is, 
t t 
AW=W.-Wo=|"A dtl" 7 at, (1) 
oO oO 
where W. and W; are the water amount at the beginning and after the time interval 
of ¢, and 7, A are the transpiration and water absorption for unit time. 

In a detached plant part the first term in the right side of equation (1) is zero, 
as no water supply occurs after detaching and if its water content falls to its lethal 
water content after ¢ from detaching, Wo.—W; will turn out to be lethal deficit (D), 
corresponding to the water amount that can be allowed to transpire before the plant 


part is killed by dehydration (Pisek and Berger’s ‘‘verfiigbares Wasser’’?). Then 
equation (1) can be rewritten for this special case of dehydration resistance as, 


D=\'r at. (2) 


2) 


By the definition of dehydration resistance mentioned in a previous paper’), i. e., 
the time required to kill the plant part after detaching, it is clear that the solution 
of equation (2) for t namely gives the value of dehydration resistance (£). Next, ¢ 
and t were expressed as minutes in order to cover the most susceptible cases of de- 
hydration resistance less than an hour, but it is advisable to use hours or days in 
more resistant cases. For the concrete determination of t, T must be expressed as 
the function of ¢, and D and JT must be substituted by several measures concerning 
the water relation of a plant part. In the following the author will put forward two 
analyses based on equation (2), general and special. General analysis can be applica- 
ble to every case of dehydration resistance including the case in which leaf area 
can hardly be determined, while special analysis can only be applicable to leaves 
whose area can readily be determined. We shall begin by examining this special 
analysis focussing on mulberry plant. 


* Reported at the 18th General Meeting of the Botanical Society of Japan (1953). 
** Faculty of Technology, Tokyo University of Agriculture and Technology, Koganei, Tokyo, 


Japan. 
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2. Special analysis 
Let us consider the leaf area of 1cm?. and express both side of the equation (2) 
in mg. Lethal deficit (D) is usually expressed as the percentage on an oven dry 
basis (D), so the left side of the equation (2), i. e., lethal deficit in mg. of unit area 
of leaf (cm?.) will be, (D/100) x 1000 x (1/1000) x M or (DM/100) mg., where M is the 
dry weight in mg. of leaf for unit area. As for the right side of the equation, it 
may be preferable to express the transpiration amount in relative value or relative 
transpiration (7;)') in order to be freed from the influence of humidity. To avoid 
the margin effect due to the area and shape of evaporating surface the value of T- 
should be the ratio, the transpiration of a leaf to the evaporation of leaf-shaped 
evaporimeter, i. e., a moistened filter paper of leaf shape with one or both evaporat- 
ing surface, during the same time interval and at the same humidity. Thus, 
T 


Tr=55 7 * 100 (%) or 00 


x Ed, (3) 


where E and T are, respectively, the amount of evaporation for a leaf-shaped evap- 
orimeter, mg./cm?./hr./1mm.Hg., and the amount of transpiration for a leaf, 
mg./cm?./hr./dmm. Hg. Putting the value of JT and D into equation (2) we get 


DMG par te 
100 | 100 * 60 <24 4%, 
De pM=%0\, Ts dt: (4) 


Now we have come to a position to express J; as the function of t, for which 
following empirical formula, equation (5), was applied to the time-7; curves obtained 
by the author in mulberry plant and in Quercus myrsinaefolia (unpublished data). 


Tr= A’e-®'t4-C’ (5) 


In this equation k’ is the tendency of 7, decrease, A’ the amount of stomatal 7; 
immediately after detaching leaves and C’ the final amount of 7;, i. e., in most 
cases the amount of relative cuticular transpiration after stomatal closure (T*e), 
though the latter two amounts never coincide in some exceptional cases such as in 
““dull’’ leaves!) of mulberry plant whose stomata remain open until the death by 


dehydration. 
Substituting the T; value of equation (5) into equation (4) we obtain, 
t 
BOD Mis | (A’e-"*4. Ct. 


Integration of the right side gives, 


Ku, hd k 
4, (A! 60DM A’ 
log {Cr+ (4 = )}= logis 47 —0.4343h t 6) 


The value of dehydration resistance (t) can be obtained by the graphical solution of 


equation (6). The solution, however, can be simplified in some cases as will be 
mentioned in the following sections. 
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3. Discussion for special analysis focussing on mulberry plant 


In this section the determination of dehydration resistance by special analysis 
will be discussed focussing on mulberry plant. At first an example was cited of the 
time trend of 7; after detaching leaves measured in August, 1952 for a “summer 
cut’’ shoot of Kairyé-nezumigeshi, a form of mulberries. In Fig. 1 are shown the 
time-T; curves after detaching leaves, in which equation (5) was applied for different 
values of k’, a) and d) from the results of 
actual measurement, and b) and c) for sup- 
posed cases. The values of A’ and C’ were, 
respectively, 100 and 10 in these samples. 
In the curve of ‘“‘dull’’ leaf with k’ =0.0230, 
the curve was applied only to the initial 
stage. The graphical solution of equation 
(6) based on these curves was illustrated in 
Fig. 2, in which A’, D, M, and E were, 
respectively, 100, 110, 5 and 1. For the 
calculation of the value of d was always 

0 20 40 60 80 100 120 assumed to be 10mm. Hg. Dehydration re- 
Time after detaching in min’ sistance (€) can be obtained from the f-co- 
Fig. 1. Time-T, curves in ‘‘summer OFdinate of the intersection point of left side 
cut” mulberry plant in summer. Stepwise (j1) and right side (y2) functions. But, as 
lines are the measured transpiration in will be noticed from a) in Fig. 2 the curve 
normal (younger) and ‘‘dull’’ (older) yy, runs perpendicularly to ¢-axis and is almost 
leaves, and four curves are drawn by  yectilinear in the negative area of ordinate 
equation (5) for k’ values, respectively, and in the neighbourhood of intersecting point 
0.0575 (a), 0.0384 (b), 0.0288 (¢) and 0.0230 with ¢-axis, in other words, if the ¢ value 
pe piles 100 apd Ci 10. obtained by solving the equation, ji1=0, is 
larger than that by solving the equation, y,=0, the value of # will be able to be 
a b Cc d 


$95 in % 


(Se) te 


i) 


— 


t in min. 

Fig. 2. Graphical solution by equation (6) of the dehydration resistance (t) of 
mulberry leaves based on four curves (a, b, c and d in Fig. 1). The values of 
t for a, b, c, and d were, respectively, 156, 82, 52 and 35 min. Further ex- 
planation was written in the text. 
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obtained only by solving yi1=0 irrespective of 2 function. Now, the value of ¢ 
obtained from y:=0 is practically the same with that from yi=—, so we can 
substitute this equation for y,;=0, thus 


sen leat LL oa 
logu(C t+ ) 00, 
1/60DM A’ 
t= SS (7) 
rid at Ed a 
The condition for this solution above mentioned will be expressed as a following 
inequality if we also substitute y:=—co for y,=0. 
La ( OUDM 2 a Noe ae Au 8 
C’ ( oF mala Ney Ply 2 a 


As is noticed from inequality (8) the left side becomes smaller and, on the contrary, 
the right side becomes larger in accordance with the value of k’ becoming smaller 
when all measures other than k’ are constant, resulting at last in the failure of this 
inequality. So equation (7) holds in cases save for those in which the value of k’ is 
small. The failure of this inequality has also bearing on other measures in the 
inequality, the detailed discussion of which will be mentioned in another report of 
this investigation. 

In still other cases in which dehydration resistance is so large that the course 
of time trend in 7; can be neglected, it suffice to put C’ instead of 7; in equation 
(4), the solution of which gives the value of € as, 


_ 60DM 
TACEd., 

It is clear that the omission in equation (7) of the term A’/k’, the measures concerned 
with the course of diminishing transpiration, gives namely equation (9) and that 
f values obtained from equation (9) are always larger than those from equation (7) 
by A‘/C’k’. In less resistant cases the value of A’/C’k’ becomes so large that the 
application of equation (9) results in il] defined values and in this case we must 
resort to equation (7) for the determination of dehydration resistance. 


t (9) 


Table 1. Calculated values of dehydration resistance in mulberry leaves 
by three equations 


Calculated by Younger leaves Older leaves 
equation (normal) (‘dull’) 
(6) 156min. 35min. 
(7) 156 -134 
(9) 300 300 


Application of equations (6), (7) and (9) to normal (a) and ‘‘dull’’ (d) leaf in Fig. 
1 resulted in the figures in Tab. 1. from which it is obvious that equation (9) can 
never be applied to both kinds of leaves and that equation (7) can only be applied 
to normal leaves. The limitation of the applicability of equation (7) must be examined 
from various aspects, but at least it is certain that there exist some cases in which 
equation (7) can not be applied in the dehydration resistance of mulkerry plant. 

As will be noticed from equation (7) the product, DM, has much bearing on the 
value of dehydration resistance (¢). The relationships between lethal deficit (D) and 


June 1960 TAZAKI, T. 209 


areal weight (1/4) in several plants were illustrated in Fig. 3 by the data of Pisek 
and Berger”) for European plants. The point for mulberry plant was dotted by the 
data of the author. The points on 
hyperbolas in the figure show equal 
values of DM, i. e., 7000, 2000, 1000, 
500 and 300. The mightiest of all in 
dehydration resistance at least concern- 
ing DM was Sedum, a succulent species, 
with large values of both D, and M, 
while Veronica was resistant due to the 
large values of D, and Picea, Rhododen- 10 
dron and Pinus silvestris were also 
resistant owing to the large value of 

M. Other species of deciduous trees 
and herbs including our Morus plant 
were rather susceptible with the values 5 
of DM less than 1000, though the 
values of D and M were widely different 
by species. 


: r 0 200 300 400 500 600 
4. General analysis io 


ade Fe j Fig. 3. The relationships between D and M 
In general analysis it is advisable to in several European plants adapted from the 


deal with equation (2) for unit dry gataof Pisek and Berger”). 1. Sedum maximum, 
weight of leaf instead of unit area. 2. Veronica baccabunga, 3. Picea excelsa, 4. 
Thus the left side of the equation, i.e., Rhododendron ferrugineum, 5. Pinus silvestris, 
lethal deficit in mg. of unit leaf dry 6. Quercus robur, 7. Corylus avellana, 8. Fagus 
weight will be (D/100) x 1000 or 10 Dmg. Stlvatica, 9. Betula verucosa, 10: Hedera helix, 
Next if we express the amount of tran, 11. Morus alba, (by T. Tazaki), 12. Asarwm 

‘rath ; : europeum, 13. Stellaria nemorum, 14. Impatiens 
spiration (7) in mg. for g. dry weight Woh Faugeras oh bac aD: 
and hr. under the saturation deficit of 
10mm. Hg., Tin the right side for one minute will become Tx (d/10)/60 or Td/600 mg. 
on the assumption that the transpiration amount has linear relation with the satura- 
tion deficit (d) during the dehydration process, which is usually the case in calm air 
when leaf temperature is nearly equal to air temperature. Then equation (2) will 
be, 

aes is 4 fag ke 
1op=\" 600! or p=\' 6000 dt (mg.) (10) 

Then, T can be expressed in the following empirical formula likewise in the special 
analysis above mentioned. 


T= Ae"+C (11) 
Substituting the value of T into equation (10) and after calculation we get, 


logo} c1+(4-- 9") l= logio A= 0.4343. (12) 


The value of dehydration resistance (£) can be obtained by the graphical solution of 
equation (12), and likewise in the special analysis, when 
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1 / 6000C alm ‘i Alien A (13) 
@ ( gn Wh Roya OMasdape earl 
then, 
Pile ( 6000D _ 7 (14) 
GC d k 
And also in resistant cases, 
ve 6000D (15) 
Cd 


The discussion of general analysis will be mentioned in the next paper focussing on 
pine yearlings. 


Summary 


An attempt was made to express dehydration resistance quantitatively as the 
time required from detaching to kill the plant part by water loss under a given 
condition using some mathematical formulae. 

1. In leaves whose leaf area can easily be determined, special analysis was put 
forward by the equation of dehydration resistance (4) and by that of the time trend 
of relative transpiration (5). Dehydration resistance in minutes (€) was expressed 
by the following measures concerning the water economy of detached leaves: the 
tendency of transpiration decrease (k’), the initial relative stomatal transpiration (A’), 
the final relative transpiration or, in usual cases, relative cuticular transpiration (C’), 
the lethal dificit (D), the areal weight (M), saturation deficit (d) and the evaporation 
of leaf-shaped evaporimeter for unit time and area (£). The value of dehydration 
resistance (€) can be obtained by the graphical solution of equation (6). But when 
the inequality (8) is fulfilled the solution can be simplified (7) and in resistant cases 
the time trend of relative transpiration can be disregarded (9). In the case of 
mulberry plant, simplified solution can only be applicable to normal leaves and the 
time trend can never be disregarded in all cases. 

2. In special analysis the product DM has much bearing on the value of dehydra- 
tion resistance. Calculating from Pisek and Berger’s data”), succulent species is the 
mightiest due to the large value of both D and M, and some conifers are resistent 
due to large M and a juicy herb, Veronica baccabunga, due to large D. Other 
deciduous trees and herbs are susceptible due to the small value of DM. 

3. In general analysis including those plants whose leaf area can hardly be 
determined, the time trend of transpiration (11) was expressed as mg./g. dry 
weight/hr./10 mm. Hg. instead of relative transpiration and the similar calculation 
to the special analysis was conducted, though the analysis could be less thorough, 
for the measure M could not be included in general analysis. 


The author wishes to express his most cordial thanks to Dr. M. Monsi, Prof. of 
the University of Tokyo, and to Dr. K. Hdgetsu, Prof. of Tokyo Metropolitan Uni- 
versity, for their kind advice and criticism throughout his investigation. Thanks 


are also due to Messrs. T. Ushijima and T. Murakami to their helps for preparing 
the text, 
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On Streptomyces aerocolonigenes nov. sp. Forming 
e . . tok 
the Secondary Colonies on the Aerial Mycelia™: 


by Ryuji Sainopu*** and Mineko KAwaATO*** 


Received October 26, 1959 


The strain, No. 701 isolated from the soil at Nagasaki City in October, 1958, 
formed many little colonies on the aerial mycelia, especially on the cottony ones. 
The characteristics of this strain were carefully compared with the known species 
described in Bergey’s Manual, 7th Edition’), and other reports’:*-*) so far published. 
As the result, this strain was decided to be a new species, and the details of it will 
be given in the following. 


I. Morphological Characteristics 


1. Macrocolony 

Somewhat unstable; concentric pattern on glycerine starch glutamate agar; a little 
convex and wrinkled colony at the center. (Photo. 1, A and B) 

2. Microscopical observation 

Glucose asparagine agar was 
mainly used for the microscopical 
observation, because of the com- 
paratively good growth of the 
aerial mycelia, and the obser- 
vation**** was carried on upon 
the colony cultivated for 3-15 days 
at 28-30°. 

Aerial mycelium: somewhat 
cottony and wavy on glucose as- 


A 


3cm. paragine agar; sometimes a little 

Photo. 1: Macrocolony wetted; monopodial branching; no 

A and B were cultivated on glycerine starch glutamate whirl; no spiral; about 0.8” in 
agar at 28-30° for 20 days. width. 


Many little colonies could secondarily be seen on the aerial mycelia, especially on 
the cottony ones. As the mycelia of the secondary colonies were short and the spore 
formation occurred in 4 to 7 days at least, each secondary colony looked like a mass 
of conidia. (Photo. 2, A, B, C, D, and E) 

Conidia: spherical to oval; about 0.8-1y in length. 

Substrate mycelium: long and wavy; about 0.4-0.6 # in width. 


II. Physiological Characteristics 


1. Tyrosinase reaction: positive “ 


* The outline of this study was already reported at the 24th General Meeting of Botanical 
Society of Japan (1959). 

** As for the description of this species, Shinobu’s method!) was adopted. 

** Hirano Branch, the Osaka University of the Liberal Arts and Education, Osaka, Japan. 


** For the microscopical observation the direct observation method and Shinobu’s screen 
method*) were employed, 
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Photo. 2: Formation of the secondary colony 


A, young colony; Band C, moderate; D and E, matured ones; F, spherical mass 
of spores. 


All of them were cultivated on glucose asparagine agar at 28-30°. A, B, C, 
and D for 5 days; E for 7 days; F for 10 days. 


2. Nitrite production: positive 
3. Diastase reaction (iodine reaction): positive; moderate 
Enzymatic zone {4-6 mm. on starch agar (Waksman’s A) after 8 days’ cultivation 
(Clear zone) (6-8 mm. on glycerine starch glutamate agar after 8 days’ cultivation 
4. Konjakmannase reaction: positive and weak 
5. Utilization of carbon sources 
Xylose, fructose, galactose, lactose, trehalose, mannitol, and inositol were utilized. 
Raffinose was not utilized. 
Rhamnose was doubtful. 


Ill. Cultural Characteristics 


G ......growth of the colony 

Notes A......formation of the aerial mycelium and its color 
S ......color of the substrate mycelium 
P ......production of the soluble pigment 


1. Ammonium Czapek agar 
G: moderate—poor; thin 
A: none—trace; partial and thin; brownish white 
S : brown—yellowish brown—Golden Yellow 
P: uncertain; probably none 
2. Glycerine Czapek agar 
G: good; sometimes net-like growth 
A: trace; small white patches 
S : Tan—Ambergrow—yellowish brown 
P: brown 
3. Glucose asparagine agar 
G: good—moderate; somewhat thin 
A: moderate; thin; somewhat cottony; white 
S; Buff 
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P: pale brown 
4, Ca-malate agar 
G: good—moderate; somewhat thin 
A: poor; partial; small white or brownish white patches 
S: brown 
P: pale brown 
5. Starch agar (Waksman’s A) 
G: good—moderate; somewhat thin 
A: moderate—poor; many small white patches 
S : Apricot Yellow—pale dull yellow orange 
P: none 
6. Urea glycerine agar 
G: good—excellent 
A: poor; thin; sometimes partial; pinkish white—brownish white—yellowish white 
S : light brown—Tan 
P Tan 
7. Glycerine starch glutamate agar 
G: good—excellent 
A: moderate—poor—none; thin and partial; white 
S : Buff—Golden Yellow 
ee pale brown 


IV. Habitat 
Soil (at Nagasaki City) 


V. Consideration 


No. 701 had a tendency to become weak and to lose its formation ability of the 
aerial mycelia by the successive cultures, though it formed the white aerial mycelia 
on various media. Generally, the growth of the aerial mycelia were thin or partial, 
and the patterns of the macrocolony were concentric at the periphery; and convex 
and wrinkled at the center, though they were somewhat unstable. 

On various media, such as potato peptone glycerine agar, glucose asparagine agar, 
and glycerine starch glutamate agar, etc., No. 701 did not form any whirl and spiral, 
but formed many little colonies secondarily on the aerial mycelia, especially on the 
cottony ones. At first, some short branches came out resembling bushes on certain 
spots of the aerial mycelia, and later they became a mass of spores on account of 
sporulation, which occurred after 4 to 7 days’ cultivation. (Photo. 2, A, B, C, D, and 
E) As these secondary colonies were fragile, they 
were crushed and diffused easily under the weak 
pressure. (Photo. 3) When a droplet was produced 
in the neighbourhood of the secondary colony, it 
turned the colony into a spherical mass, due to the 
surface tension of droplet, as in the case of Strepto- 
myces massasporeus*). (Photo. 2, F) 

There could not be seen any remarkable charac- 
teristics in the shape and the thickness of the sub- 
strate mycelia and conidia. 

Photo. 3: Crushed colonies under In order to compare these characteristics of No. 
the weak pressure 701 with the physiological and cultural characteristics 
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of the species reported in the past, various experiments, i. e., milky-, gelatin-, cellulase-‘ 
invertase-reaction, etc.; and many media, i.e. Bouillon agar, nutrient agar, glucose 
peptone agar, glucose broth, potato plug, carrot plug, and egg medium, etc. were 
attempted besides the media stated above. Some important characteristics of No. 701 
will be summarized in the following. 

No. 701 formed the white aerial mycelia on many media. The substrate mycelia 
produced brown or brownish pigment, and sometimes yellow or orange series ones. 
Water soluble pigments (brown—brownish) were often produced on some synthetic 
media. 

Now, there are many species which apparently resemble this strain in some points, 
especially in the color of the aerial mycelium and in the pigment production. They 
are Streptomyces albus®*.*.7) (Rossi-Doria emend. Krainsky) Waksman and Henrici, 
Streptomyces longisporus®:*.*) (Krassilnikov) Waksman, Streptomyces albidus®:*.*) (Duche) 
Waksman, Streptomyces felleus?.*.*) Lindenbein, Streptomyces achromogenes?:*.®) Okami 
and Umezawa, and Streptomyces globisporus?.*.*) (Krassilnikov) Waksman. But none 
of them formed a secondary colony on the aerial mycelia. Furthermore, the former 
three formed spiral, while No. 701 did not. The morphological and cultural charac- 
teristics of the latter three are different from those of No. 701 as below. 


Str. Str. Str. tr. 
felleus | achromogenes globisporus No. 701 


short, often gathered 
Sporophore together in thick 
tufts or bushes 


no tufts or no 
bushes 


Spore cylindrical spherical~oval 


On potato reddish | reddish brown dull yellow 


Color of the} medium pigment | (soluble) 
substrate : ess i 
mycelium On egg Lee seh ionek growth: poor; no 


medium reddish brown 
On synthetic none brown 

Soluble pig- Se £ ina? =< 

ment On glucose pale dull yellow 
asparagine none orange 
agar 


Upon the basis of the results stated above, No. 701 was decided to be a new 
species and was named ‘ Streptomyces aerocolonigenes’, as the secondary colonies were 
often formed on the aerial mycelia. 


VI. Conclusion and Summary 


No. 701 isolated from the soil at Nagasaki City, October, 1958, as one of the 
Actinomycetes strains, formed, secondarily, many little colonies on the aerial mycelia. 
It was found to be a new species in comparison with those species reported so far in 
their morphological, physiological and cultural characteristics. The authors will advo- 
cate to give it the new specific name ‘ Streptomyces aerocolonigenes’, 
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Diurnal Fluctuation of Chlorophyll Content 
in Lake Water 


by Shun-ei IcHIMURA* 


Received November 12, 1959 


As bleaching a remarkable decolorization of chlorophyll in the algae which were 
cultured under a strong illumination has well been known by plant physiologists, 
while a similar phenomenon has recently been observed in marine phytoplankton 
under field condition by Yentsch and Ryther?), and Shimada”). According to their 
studies, chlorophyll content in the surface phytoplankton exhibits a diurnal fluctua- 
tion with its maximum in the early morning and its minimum in the late afternoon. 
This diurnal fluctuation, if occurs generally and with a considerable amplitude, should 
be investigated more in detail in order that the chlorophyll method can be employed 
unanimously in the study of primary production in waters. Hence, the present 
‘study has been undertaken to clarify the feature of the diurnal chlorophyll fluctua- 
ion in lakes and its ecological meaning for the primary production. 


Methods 


For the in situ experiment, the water collected from the center of the surface 
of a lake was filled in large colorless polyethylene bags of 50 liters. Then these bags 
were floated on the lake surface where the sampling was made. The necessary 
aliquot for determination of chlorophyll concentration was taken from each bag at 
two-hour intervals throughout the day. Simultaneously, sample water was also 
taken at the depth of 0, 1, 2 meters, etc., in situ near the bags. The sample water 
of 2 to 3 liters was filtrated through a membrane filter and the latter was treated 
with steam for about a minute according to Gessner*) and dried in the air. Then 
the membrane filter was put into 10 m/. of 80 per cent aqueous weak acid aceton in 
a 50 m/. flask, whereby chlorophyll was extracted as pheophytin. After incubating 
the flask 24 hours in the dark, the pheophytin was separated from the aceton solu- 
tio) :,. adding 5m/. benzol and determined in its concentration with the photoelectric 
colorimeter using a red filter. The chlorophyll concentration was computed by 
multiplying a conversion factor of 1.026 to the pheophytin concentration determined. 
As to light condition the daily course of illumination on the lake surface was 
observed with the photoelectric cell. 


Diurnal fluctuation of chlorophyll content in lake waters 


Several features of the diurnal fluctuation in chlorophyll content of the surface 
water in lakes Haruna and Kizaki are illustrated in Fig. 1. From the results it could 
be surmised that a definite diurnal fluctuation in the chlorophyll content occurred only 
on clear days, especially during the summer season, but the fluctuation was very 
slight in winter. The chlorophyll content reached its maximum at around 6 a. m. 
and thereafter it declined continuously up to the late afternoon. During nighttime, 
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however, the amount of chlorophyll increased and attained again a high peak 
in the following morning. The chlorophyll in lakes Haruna and Kizaki showed 
that the maximum content in the early morning was respectively about 2.3- and 1.5- | 
fold as high as the minimum 
in the late afternoon. These 
amplitudes accorded fairly well 
with those reported by Yentsch 
and Ryther on the marine 
phytoplankton in Woods Hole 
Harbor. The author’s further 
measurements in lakes in Japan 
have revealed that the diurnal 
fluctuation in chlorophyll con- 
tent so far did not exceed 3.0 
times even in the surface 
sample which indicated usually 
the heaviest fluctuation on 
clear days. On overcast days, 
however, the fluctuation was 
very slight, and moreover the 
sample in deeper layer indicat- 
ed no definite diurnal rhythm 
even under full sunlight. Fig. 2 
illustrates the diurnal change 
in vertical distribution of 
chlorophyll in lake Haruna on 
a cleardayin June. The fluc- 
tuation in chlorophyll content 
could be observed only in the 
surface layer and the pattern 
of productive structure of the 
phytoplankton community‘) 
was slightly changed through 


Chlorophyll content mg ./m.3 
Light intensity kilolux 


20 


0 
Dec, 12 


Fig. 1. Diurnal fluctuations of chlorophyll content in : 
surface water of some lakes. A-C, lake Haruna; D, lake i bay: Anepetorss Luigi 
Kizaki. urnal fluctuation in chlorophyll 


SHO sie) incite opbo@iaudilinithes bag: content of the surface layer 

may not result from the diurnal 

vertical migration of phytoplankton and the sampling error associated with its hete- 
rogeneous distribution. In support of this hypothesis more substantial evidences were 
obtained with the simultaneous determination of chlorophyll in the samples taken from 
floating bags and in situ. As seen in Fig. 1, the features of diurnal fluctuation in both 
cases closely coincided with each other. These results may also illustrate that the 
diurnal fluctuation in chlorophyll resulted not only from the growth and death of 
the phytoplankton or cell division in dark period but rather from the oscillation in 


chlorophyll content within a cell which might be brought about by the diurnal change 
in illumination. 
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Chlorophyll mg./m.3 
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Fig. 2. Diurnal change in vertical distribution of chlorophyll 
in lake Haruna. Data obtained on June 25, 1958. 
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Rate of change in chlorophyll content of water 
and its relation to light intensity 


As an example of the rate of change in chlorophyll content, the results obtained 
in lake Haruna are shown in Fig. 3. The highest rate throughout the day was 
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Fig. 3. A. Rate of change in chlorophyll content in 
surface water and diurnal change in solar illumination in 
lake Haruna on May 5, 1958. 

— ©-—, in situ; ---@---, under constant light 
intensity of 6000 lux. 

B. Light-photosynthesis curve obtained in sample water 

from lake Haruna. Abscisa indicates photosynthetic rate 

(mg. 0,/mg. chl./hr.) and ordinate is light intensity (klux). 


observed in the increase just at daybreak and it was immediately followed by reduc- 
tion in the rate. In the daytime, especially on clear day, the increase in chlorophyll 
was rather inhibited and the rate became negative. However, the rate recovered 
gradually from the negative value to the positive in the late afternoon and continued 
the positive value in the nighttime. 

The rate measured experimentally under a constant light condition differed a 
little from that observed under field conditions. The sample taken from in situ 
was exposed for 2 hours to a constant artificial illumination of 6000 lux as performed 
by Yentsch and Ryther?), and then the change in chlorophyll content during the ex- 
posure was determined (Fig. 3-A). The results obtained may suggest that one of the 
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most important factors causing the diurnal fluctuation in chlorophyll content is light 
intensity. For delineation of the relationship between the change in chlorophyll 
content and light intensity, the lowest limit of light intensity inhibiting the chloro- 
phyll increase was examined statistically from the data obtained in the field and 
was generally 20 to 30 kilolux under field conditions. Fig. 3-B indicates the light- 
photosynthesis curve obtained in the sample water of lake Haruna. In this curve, 
light saturation of photosynthesis was found at 15-20 kilolux and further increase in 
light intensity rather reduced the photosynthesis as reported recently by several 
investigators. Therefore, as suggested by Yentsch and Ryther'), it can be inferred 
that the chlorophyll content increases with light intensity increase in the range 
where photosynthesis can linearly increase with the latter but it decreases under 
the too strong light condition which inhibits the photosynthesis. These facts also 
suggest that there are some interrelationships between photosynthesis and change in 
chlorophyll content. Incidentally, it is noticeable that a decline of chlorophyll con- 
tent can be seen just before daybreak, though its real causes are still unknown. 
The mechanism of the diurnal change in chlorophyll content seems to be of great 
interest physiologically and biochemically, but the present study will not touch this 
problem. 


Geographical difference in the range of diurnal fluctuation 
of chlorophyll content in surface waters 


Because of insufficiency in data it is very difficult to delineate the character of 
geographical variation in the range of fluctuation in chlorophyll content. It seems, 
however, that the range is geographically not so great as that in photosynthetic 
rate. Since Doty®) reported that there were two major variations in photosynthesis 
with time and latitude of marine phytoplankton even under the same light condition, 
the periodicity in photosynthetic activity was re-examined in phytoplankton by 


Table 1. Geographical variation in the range of diurnal fluctuation of chlorophyll 
content in surface waters. 


| Chlorophyll mg./m.8 | 


Water Date -| Ratio Investigator 
| Max. Min. / | 

Fukami-ike Aug. 8, 1959 9.8 4.1 2.5 | Ichimura 

Lake Haruna June 8, 19&8 ong bh. % PIs ” 

Jcnuma Sept. 12, 1958 174. 2 87.4 2.0 " 

Lake Yamanaka July 21, 1957 1.8 0.9 2.0 ” 

Kasumigaura Aug. 23, 1958 36.5 1973 1.9 " 

A pond in Osaka Noy. 11, 1958 26.9 15.0 1.8 | Aruga (unpublished) 
Lake Kizaki Dec... 12, 1958 3.0 1.8 1.6 | Ichimura 

Lake Haruna Dec. 16, 1958 3.9 225 15 y 

Woods Hole Harbor July 18, 1957 2.0 | Yentsch & Ryther 
Clarion Island May 28, 1958 0.15 0.08 11.9 | Shimada? 
Sugajima, Ise-Bay May 17, 1959 1.8 | Saijo (unpublished) 


several investigators at various latitudes. According to their results, the variation 
range has been found to be 5-to 6- sometime 10- to 12- fold near the equator but to be 
usually 1- to 2- fold at high latitude. On the contrary, the diurnal fluctuation in 
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chlorophyll content shows at every station similar characteristics without latitudinal 
difference. The range of chlorophyll fluctuation in the surface water measured at 
several places on clear days is summarized in Table 1, which shows that there occur 
1.5- to 2.0-fold variations between the maximum and minimum values. This diversi- 
fication, though it is rather slight, may be due to the difference in experimental 
condition such as light intensity, temperature and concentration of nutrients, especial- 
ly of nitrate. Moreover, it is interesting to note that a 2-fold variation in chlorophyll 
rhythm was measured at 18 deg. N. latitude?), while Doty®) found a 5.7-fold varia- 
tion in the photosynthetic activity near the equator (from 7 deg. N. to 8 deg. S. 
latitude). Regarding these two periodicities, Yentsch and Ryther have found in 


both cases 2-fold variations examining marine phytoplankton from about 41 deg. N. 
latitude. 


Ecological meaning of diurnal fluctuation of chlorophyll 
content on primary production 


In the study of phytoplankton production, the amount of chlorophyll in waters 
has been employed as a basis of routine technique to measure the standing crop and 
also an index of productive capacity of waters. Moreover, recently Ryther and 
Yentsch®), and Ichimura and Saijo’) have carried out the estimation of primary pro- 
duction in the ocean on the basis of chlorophyll amount in waters. By this way, 
which is known as the chlorophyll method, the primary production in water is 
calculated; some factors such as vertical distribution of chlorophyll, light condition 
in water and light-photosynthesis curve being combined on several hypotheses for 
the photosynthesis of algae. When chlorophyll is adopted as a measure for the 
standing crop of algae and the sampling is made at various times in a day, it is 
required to pay attention on the diurnal fluctuation in chlorophyll content for the 
comparison of the crop in waters. Especially, the correction for such diurnal fluctua- 
tion may be most indispensable to the assessment of the standing crop of phyto- 
plankton in a shallow water and of benthic algae in a clear, small stream, where the 
algae are being exposed to full sunlight. 

Since the data on the daily periodicity in the chlorophyll content are very scanty 
for the present, mathematical formulation for the correction concerning the 
periodicity may not be easily made, but such seems possible by a graphic method 


100 


Rel. chl. cont. 


Time 
Fig. 4. Range in variation of diurnal fluctuation of 
chlorophyll content in surface waters. 


with making rough estimation of the correction factor. For the purpose of this, 
Fig. 4 is constructed by compiling the data obtained by Yentsch and Ryther*), and 
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Shimada?) as to the ocean and those taken by the author for freshwaters. Each 
value concerned was determined at the surface layer on a fine day and expressed 
in a percentage of the maximum value in the morning time. The feature of 
decreases in chlorophyll content during daytime is roughly expressed by a linear line 
and a factor of ca. 2 could be applied to the value at 1800 in order to convert it to 
the value at 0600. Therefore, using Fig. 4, it is possible to approach to the given 
value at the expected time from the amount of chlorophyll measured at any time 
on fine days. 


The correction for diurnal fluctuation of chlorophyll at various depths may be 
roughly possible by the following graphic method. The light intensity (/) in water 
at the depth of ¢ is expressed by a well known equation J=Joe-®, where Jois incident 
light and a the extinction coefficient. The extinction coefficient is given empirically 
by a=1.9/d in Japanese lakes, d being the depth of transparency. In case the daily 
change in light intensity on the surface of water is given, the light intensity at any 
time at various depths can be estimated indirectly by using both equations. Con- 
sequently, the duration times in a day when the plankton is exposed to a light 
intensity with bleaching effect of above 30 kilolux can be estimated at each depth in 
a lake. Fig. 5 indicates the relationship between the depth in lakes with various 
transparencies and the duration times exposed under the light of above 30 kilolux in 
the summer season. 


Time As seen in Fig. 4, on the other hand, 

the chlorophyll seems to decrease as a linear 

E function of the duration time regardless of 

fas light intensity in the range of above 30 

= kilolux. After a 12-hour duration in situ 

Ss on a fine day, the chlorophyll content declines 

3 to a minimum, being reduced to about a 

Sh half of the maximum in the morning time. 

4 Considering the above hypothesis of the 

light effect on the chlorophyll bleaching, the 

eee diciay phytoplankton which has been exposed 6, 3 

: and 1 hour to light intensity of above 30 

5 Pas shines kilolux decrease their chlorophyll amout to 

: NS 3/4, 7/8 and 23/24, respectively. Therefore, 

a. SS the correction factors for each depth can be 
QA 


obtained graphically by the same method 
employed in Fig. 4. In a eutrophic lake 
with transparency depth of 1 meter, the dura- 
TAN BB Sage tion time of the inhibitory strong light intensity 
riots ne eat pin ag cE is only one hour at the depth of 60cm. In 
lumination in July in Tokyo. the surface layer of a lake, on the other 
__B. Relation between depths in lakes hand, the photosynthetic activity of phyto- 
with various transparencies and duration plankton is usually reduced by strong illumina- 
times exposed under light of above 30 ,. ‘ ; 
kilolux under light condition of A. tion and the standing crop is also poor, 
thereby the proportion of the organic matter 
produced in the surface layer is very low in comparison to the total organic matter 
produced in the phytoplankton community as a whole. For this reason, in determin- 
ing productivity of phytoplankton community by the chlorophyll method, the error 
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caused by the diurnal fluctuation in chlorophyll content can be rather small at least 
in eutrophic lakes. 

As a reference, the daily primary production in lake Haruna calculated by the 
chlorophyll method will be illustrated in the following. This calculation was carried 
out by using the chlorophyll data measured in June, 1958 (see Fig. 2) and the light- 
photosynthesis curve with 4.0mg. O./mg.chl./hr. at the light saturation point and 
15°. At that time, the depth of transparency was 1.8 meters. The amount of 
chlorophyll in the surface layer used for calculation of daily productivity was estimat- 
ed in four ways without correction as to the diurnal fluctuation; in the first was 
used the chlorophyll content measured at regular interval of 2 hours throughout the 
day, in the second the maximum chlorophyll content in the morning, in the third 
the minimum value in the late afternoon, and in the fourth the chlorophyll content 
at noon. The final results of the calculations, primary productions per lake surface 
area, were 0.263, 0.295, 0.245 and 0.274g. O./m?./day, respectively, i. e., relatively, 
100: 112: 93: 104. The data presented here may provide a source of evidence that 
the diurnal fluctuation in chlorophyll content, which is of interest in itself and has 
large meaning in assessment of standing crop, hardly has a noticeable significance for 
the chlorophyll method, especially in eutrophic lakes 


The author wishes to express his thanks to Prof. M. Monsi and Prof. K. Hoge- 
tsu under whose guidance this research has been carried out. Also his thanks 
should expressed to Dr. Y. Saijo for his kind support in the research. 


Summary 


The diurnal fluctuations of the chlorophyll content in lake water were measured 
under field condition in some Japanese lakes. 

1. Definite fluctuations are observed in the surface water on a clear day 
and are very slight in the subsurface layers or on an overcast day. In the daily 
rhythm, the highest chlorophyll concentration is usually obtained in the early morn- 
ing and the lowest in the late afternoon, the amplitude being a 2-fold range in the 
surface water. This fluctuation seems to be caused by the diurnal change in illumina- 
tion: chlorophyll bleaching occurs in an illumination about 30 kilolux or more. 

2. The correction for such fluctuation is required for the surface layer algae of 
lakes and the benthic ones in small, clear streams, when the chlorophyll content is 
used in a technique to measure the standing crop of phytoplankton. A graphical 
solution was submitted. 

3. In determining productivity of phytoplankton community by using the chloro- 
phyll method, the error caused by the diurnal fluctuation in chlorophyll is rather small 
especially in eutrophic lakes, because the surface layer where appears the fluctuation 
is poor in phytoplankton composed with the subsurface layer in such lakes. Therefore, 
it is inferred that in many cases the diurnal fluctuation does not appear as a short- 
coming for the chlorophyll method. 
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Studies in Treubia nana (Hepaticae) with Special 
Reference to the Antheridial Development 


by Hiroshi INouE* 


Received November 25, 1959 


Treubia** is a peculiar genus occupying the intermediate position between the thal- 
lose and the foliose liverworts. On T. insignis, the type of the genus and well 
known by its largest size among the liverworts, many papers have been published 
on its anatomical nature. The second species, T. nana, treated in this paper, has 
been poorly known by the original description of Hattori and Inoue!) and an addi- 
tional paper of oil-bodies?). Their papers were preliminary ones because, at that 
time, the plants were known only in sterile condition. I have collected this species 
several times at the type locality, but the sexual organs and sporophytes were not 
found. It has been known nowhere else. 

On July 20, 1959, I could collect this species on the Kokushi peak of Chichibu 
Mountains, situated about 13km. west of Karisaka pass (type loc.). The plants of 
Kokushi had some young sporophytes and near shoot apex many antheridia. The 
structure and the development of the antheridia of Tvreubia insignis have not been 
observed in detail, except for short descriptions by Stephani‘) and Schiffner’). 

The material used for the microtome sections is Kokushi collection. It was 
fixed with the strong chrome-acetic mixture for 24 hrs. Microtome sections were 
cut at the thickness of 7 “ and stained in Heidenhain’s iron-alum haematoxylin. 


Observations 


1) The oil-cell and the otl-bodies: The oil-bodies were described originally 
from the dried plant'). Consequently Inoue and Hattori?) described them from living 
plants, and said that ‘‘ The oil-body type of this species and T. insignis is just the 
same, and differs from that of all other liverworts.’’ This conclusion is verified 
also in the present investigation. The oil-cells, containing a single, large, dark brown 
oil-body and several of chloroplasts (Fig. 2, d, f), are scattered in all the tissue of plant 
except the central tissue of stem. The oil-cells are 30-40 x 40-53 » in leaf-middle and 
little smaller than ordinary cells which are 30-40x43-57 u. Chloroplasts are 2-3 4 
in each oil-cell. They are little smaller in size and fewer in number than those 
in the ordinary cells of leaf. 

2) The structure of stem and leaves: Plants are dark green and about 2cm. 
long. Stem is prostrate, simple or rarely dichotomously branched. It is flattened 
dorsiventrally (Fig. 1, c) and, when well developed, about 30 cells thick in the middle 
portion. In the cross-section, the central tissue is well differentiated and nearly triangu- 
lar in outline; it is about 10 cells high. The cells of central tissue are parenchymatous 
(Fig. 2, e) and a little smaller than those in other tissue of the stem. They contain 


-* Botanical Institute, Faculty of Science, Tokyo University of Education, Koishikawa, 
Tokyo, Japan. , 

*« Treubia comprises three species; T. insignis Goeb. in the tropical Asia, T. nana Hatt. 
et Inoue in Japan, and 7. lacunosa (Colenso) Prosk. of New Zealand. Proskauer?) thought that 
T. bracteata St. in Samoa was probably a synonym of 7. lacuwnosa. 
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Fig. 1. a. Ventral part of cross-section of stem (my: mycorrhiza. ol: oil-body) 
x 160. b. Cross-section of leaf, x 160. 


c. Cross-section of stem (dots indicate the 
distribution of oil-bodies), x12. dd. Ventral margin of young leaf, x95. e. Part of 
(d), showing marginal papillae and oil-body, x 360. f. Longitudinal section of stem 


apex, 160, g-—p. Various stages of antheridial development, x 360, 
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numerous oil-drops and diminutive chloroplasts (so that only the central tissue is peculiarly 
greenish in the inner stem tissue). The other portion of stem is also composed of 
parenchymatous cells and the cells contain some oil-drops which are colorless, but 
no chloroplast. The epidermal cells are usually a little smaller than inner cells, and 
they have no cuticular thickening. In 7. insignis, Griin®) described the cuticle to be 
thickened and central cells as sclerenchymatous. The cauline tissue passes into the 
dorsal and lateral leaves (Fig. 1, b). The lateral leaves are about 8 cells thick and 
the dorsal ones about 3 cells thick at base. Both become gradually one cell thick 
towards the margine (Fig. 1, b). The oil-cells seem to be more in number in the 
ventral portion than the dorsal one of the stem, and they lack in the central tissue. 
Mycorrhizal cells (Fig. 1, a) are often observed in the ventral portion. The rhizoids 
are colorless and long, and originate from the epidermal cells along the middle of 
the ventral portion of stem. No hypha is observed in the rhizoidal cells. 

The growth of the stem takes place by means of a single apical cell (Fig. 1, f), 
which has three cutting faces as that of 7. insignis®"). The cells formed by cutting 
of the ventral face are smaller than the others. Two cells adjacent to the apical 
cell in longitudinal section are peculiarly large. The cells at ventral sector do not 
produce any ventral organ, but the cells derived from the lateral two produce lateral 
leaves from which the dorsal leaves are developed. 

Along the ventral margin of a young leaf (developed near shoot apex) usually 
are observed some mucilage cells (Fig. 1, d, e). They are always unicellular. 
Sometimes they are also observed near shoot apex dorsally but very few. 

3) The development of antheridia: The antheridial development begins with 
enlargement of an epidermal cell, which is usually 4-5 cells apart from the apical 
cell. The antheridial initial projects on the epidermis and divides into two cells equal 
in size, a basal and an outer cell. The basal cell is occasionally embeded in the 
epidermal cells of stem. The outer cell is primary antheridial cell and the basal 
one is primary stalk cell. The second cell division takes place in the primary 
antheridial cell vertically, and the third one in the primary stalk cell also vertically; 
the cell divisions in the outer and basal cells are not simultaneous. The basal two 
cells do not make further division and become the antheridial stalk. This stalk, 
therefore, has height of one cell and width of two cells. The primary antheridial 
cell makes further division forming sterile jacket cells surrounding a central fertile 
cell. These jacket initial cells divide to form the one-layered jacket of the antheri- 
dium. The fertile cell is divided by tangential and vertical walls into four cells, which 
repeatedly divide into the androgonial cells. 

Thus formed antheridia are globose, measuring about 140% in maximum. 
They are found abundantly at random on the dorsal part adjacent to the shoot apex, 
without being limited to the keel of the dorsal leaves (Fig. 2 b, j). Paraphysis or 
similar organs are not present. It is noteworthy that the plants having calyptrae 
also have many antheridia; thus, T. mana is decidedly monoecious species contrary 
to the dioecious 7. insignis. 

4) Calyptra and young sporophyte: The plants used for this study have had 
several calyptrae, in which there are already developed young sporophytes and is 
observed no archegonium. The calyptra arises singly a little apart from the axil 
of the dorsal leaf and is well developed. The calyptral wall (Fig. 2, g, i) is about 
7 cells thick at middle to apex and more than 10 cells thick at base. The calyptra 
is cylindrical and has some few-celled projections, but any unfertilized archegonium 
is not seen. Campbell’) observed unfertilized archegonia on the calyptra of T. insig- 
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Fig. 2. a. Part of plant, dorsal view (cal: young calyptra. do: dorsal leaf), x ca. 


4. b. Dorsal view near stem apex (ant: antheridium. ol: oil-body), x40. c. Longi- 
tudinal section of antheridium, x 140. d. Oil-bodies of leaf, x 800. e. Cells from 
central portion ot stem, x 400. f. Cells from leaf. middle, 110. g. Longitudinal 


section of young calyptra and sporophyte, x45. h. Cross-section of young seta, x75. 
i. Part of longitudinal section of young calyptra, x65. j. Longitudinal section of stem 
apex, x55, All of figs. 1~2 were based on plants collected on Mt. Kokushi, Nagano Pref, 
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nis. The innermost layer of calyptral wall is the cells of more or less elongated. 
The oil-cells are often observed in the calyptral wall. In cross-section, the seta of 
the young sporophyte (Fig. 2, h) is about 12 cells across and has about 40 epidermal 
cells. The foot is well developed (Fig. 2, g). 


Discussions 


There are observed many differences between T. insignis and T. nana. The 
distribution of the antheridia and their stalk cells seem to be the most remarkable. 
In T. insignis, Stephani‘) described antheridia, with a figure, as ‘‘ antheridia usque 
ad 20, longissime pedicellata.’’ Schiffner®) also noted them as the same with Ste- 
phani’s description (but, his note seems to be based on Stephani’s description). 
Their observations were not verified by the later investigators such as Griin®) and 
Campbell’). 

The developmental pattern of the antheridia is much different from that of 
related genera (for example, Fossombronia as well known in the literature). Chalaud®), 
Haupt*’"’) and others studied the development of antheridia in Fossombronia species. 
According to their papers, the antheridial initial of Fossombronia divides into two cells, 
as in 7. nana, but the outer cell divides further into two cells, an outer antheridial 
cell and a median stalk cell; the basal cell is always embeded in the stem tissue. 
In 7. nana the antheridial initial divides only once and forms a primary antheridial cell 
and a primary stalk cell. The stalk cell does not divide tangentially, remaining only 
one cell high. The similar antheridial stalk is observed in S. American Noteroclada. 
Spruce!!), Leitgeb’) and others described the antheridia of this genus, and Schiffner’*) 
fully discussed their descriptions and said: ‘‘ die Verbindungszelle ist von den iibri- 
gen Zellen so wenig verschieden, dass sie nicht als Stiel gedeutet werden kann.”’ 

According to Stephani‘), the antheridia of T. insignis develop in group along 
the keel of the dorsal leaves and have long stalks. In 7. mana they occur rather 
scatteredly near shoot apex dorsally as in Noterocladz. Schiffner’s idea’) on the 
relation of Tveubia to Noteroclada is also to be admitted by such antheridial features. 
It is, however, much desirable to study carefully the antheridia of 7. insignis to verify 
the descriptions of Stephanit) and Schiffner®). 

Campbell’) suspected the relationship of Tveubia with Fossombronia. In view of 
the antheridial characteristics of T. nana, his suspection seems to be problematic. 
To settle this it is also desirable to study the antheridial development of Noteroclada. 

Gobell'*), Griin®) and Campbell’) observed in 7. insignis 3-4-celled characteristic 
gemmae near shoot apex. These gemmae were not found in 7. nana. The nature 
of epidermal and central cells of stem is also different between these two species. 
Griin®) described for T. insignis the thickened cuticle and sclerenchymatous central 
tissue of stem. Furthermore, in T. nana there is no scale-like out-growth of calyptra 
observed in 7. insignis®’). 


Summary 


In this paper Treubia nana Hatt. et Inoue, Japanese representative of the genus, 
was studied by microtome section. The antheridial development was described, 
which has been unknown in other members of the genus. There were found some 
essential differences between 7. mana and well-known T. insignis. The relationships 
between Tyveubia and its related genera as Fossombronia and Noteroclada were dis- 


cussed from the view point of the antheridial development, 
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I am much indebted to Dr. S. Hattori and Prof. H. Ito for their much valuable 
criticisms for this paper. 
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Addenda 


1. After the manuscript of this paper was submitted to the editor, I received 
from Mr. N. Kitagawa a reprint of paper, ‘‘ Occurrence of Treubia nana on Mt. 
Hayachine’’ in Acta Phytotax. Geobot. 18: 38, 1959. In this paper Mt. Hayachine 
was reported as the second known station of this species. 

2. In Journ. Hattori Bot. Lab. 21: 231 (1959) I proposed a new genus of the 
Calypogeiaceae Metacalypogeia. This was the genus elevated from the subgenus of 
Calypogeia which was first described and recognized by Dr. Hattori. At this treat- 
ment I cited Metacalypogeia cordifolia (Steph.) Inoue as the type species of new genus. 
This citation was inadequate in the spirit of the International Code of Nomenclature 
and should be corrected as follows: 

Metacalypogeia (Hatt.) Inoue, Journ. Hattori Bot. Lab. 21: 231 (1959). Type species: 
Calypogeia sendaica Steph.=Metacalypogeia cordifolia (Steph.) Inoue. 

For the synonyms of the type species see p. 233 of Journ. Hattori Bot. Lab. 2 . 
I have to acknowledge to Dr. H. A. Miller of Miami University for his kind sug- 
gestion. 
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Anthocyanin of the Seedlings of a Polygonum. 
Studies on Anthocyanins, XXXII* 


by Nobuhiko SuGANo** and K6z6 HAyAasut** 


Received December 11, 1959 


The seedling of a cultivated variety of Polygonum hydropiper L. is remarkable 
in that a pronounced deep red color appears immediately after germination in the 
cotyledons as well as in the hypocotyl. The seedling is known as ‘Benitade’, i.e., 
red knot-grass, and is occasionally used as a garnish in Japanese dishes. 

The chemical nature of this pigment has been studied as a preliminary measure 
for investigating the biochemical process of pigment formation in these seedlings. 
The pigment was finally obtained as brownish red needles which showed all the 
characteristics of idaein (3-monogalactoside of cyanidin). Idaein, however, is hardly 
distinguishable from chrysanthemin (3-monoglucoside of cyanidin) on the paper chro- 
matogram on account of the similarity in the Re values of both pigments with various 
solvent mixtures. It was found that the differentiation was achieved by means of 
paper electrophoresis with dilute aqueous borax solution. 

Idaein, sofar, has been isolated from the fruits of the following plants: Vac- 
cinum vitis-idaea L.'), Fatsia japonica Decne. et Planch.”), and Pirus malus L.*). 
The present isolation is probably the first instance that the pigment has been obtained 
from vegetative organs. 


Experimental 


Fresh seedlings (900g.) were extracted with cold 1% methanolic hydrochloric 
acid (2/.) for an hour followed by filtration, and the material was again extracted 
with the same solvent (0.5/.). The combined extract was carefully added with aque- 
ous basic lead acetate, until the precipitation of the blue lead salt was complete. 
The precipitate was quickly filtered, washed with methanol, and dried. The con- 
version of the lead salt into chloride was effected as usual by treatment with 4% 
methanolic hydrochloric acid (200 m/.), and the product was precipitated with a large 
excess of ether (about 6 vols.). The amorphous red powder obtained was dissolved 
in hot water (60 m/.) and filtered solution was mixed with a saturated aqueous solu- 
tion of picric acid. On cooling, needle-shaped crystals commenced to separate. After 
standing overnight, the crude picrate was collected and recrystallized from water 
(80 m/.) containing some picric acid. The crystals (0.48g.) consisted of homogeneous 
brownish red needles, which were sparingly soluble in cold water, but very easily 
soluble in hot water, methanol and ethanol. Mp. 162-163° (decomp.). 


Conversion into Anthocyanin Chloride. 


The purified picrate was dissolved in a small amount of hot water and added 
with 3.5 vols. of 4% methanolic hydrochloric acid. On standing in a refrigerator 
overnight, straight-cut needles crystallized out. Recrystallization was repeated twice 


* Part XXXI: Proc. Japan Acad., 35: 169 (1959); Bot. Mag. Tokyo, 72: 325 (1959). 
* Botanical Institute, Faculty of Science, Tokyo University of Education, Ohtsuka, Tokyo, 


Japan. 
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in a similar manner. Yield 0.082g., viz., 0.009% of fresh plant material. The 
crystalline chloride is moderately soluble in cold water with brownish red color. 
The color of ethanolic solution is pure red. An aqueous solution of the chloride © 
gives with aqueous ferric chloride a violet color, which turns into intense blue on 
dilution with ethanol. The distribution number between iso-amyl alcohol and 0.5% 
hydrochloric acid was determined as 10-13, which lies within a range found with a 
majority of monoglycosidic anthocyanins*. The air-dried specimen melts at 209-210° 
under simultaneous effervescence. It contains one molecule of water of crystalliza- 
tion. (Found: H:O 3.61%. Calc. for Cz1H210i.Cl-H:0:H2O 3.58%.) CH-Determination 
of the air-dried specimen gives a result that agrees with the calculated value of 
monohydrate of cyanidin-monohexoside. (Found: C 50.47, H 4.20%. Calc. for 
CoiH2101Cl-H,O: C 50.15, H 4.57%. 

Spectrophotometric examination: The crystalline chloride was dissolved in 60% 
ethanol containing 0.1% hydrochloric acid in a concentration of 5x10-° mol. and the 
solution was subjected to spectroscopic analysis, chrysanthemin and idaein being ex- 
amined in parallel. The absorptions of three anthocyanins proved to be quite identi- 
cal in the entire spectral region, indicating that they were quite similar as to the 
glycoside bonding. 

Paper chromatographic test: Developed with three different solvent mixtures by 
ascending method, it was found that the Re values were not sufficient for the discri- 
mination between chrysanthemin and idaein, as shown in the following data: 


Chrysanthemin Idaein Polygonum- 

anthocyanin 
n-BuOH/AcOH/H:0O [4:1 : 5 (v/v)] 0.31 0.27 0.27 
Phenol saturated with water 0.26 0.30 0.30 
AcOH/conc. HCl/H2O [5 : 1:5 (v/v)] 0.60 0.60 0.60 


Paper electrophoresis: A satisfactory method of discrimination between chrysan- 
themin and idaein was found; that is, paper electrophoresis method in 1% borax 
solution (pH 11). The following electrophoresis (16 mA/cm., 650 V, Tdyd No. 52 
filter paper, one-hour run) clearly demonstrated the identity of the pigment from 
Polygonum-seedling with idaein. 


Chrysanthemin Idaein Polygonum- 
anthocyanin 


ve ee 
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Hydrolysis of the Glycoside. 


Identification of cyanidin: When the glycoside was boiled with 20% hydrochloric 
acid, it was easily hydrolyzed and the aglycone began to crystallize out in brownish 
red needles while hot; the separation was complete on cooling. The crystals were 
collected by filtration and air-dried. 27.77 mg. of the aglycone were obtained from 
39.65 mg. anhydrous glycoside chloride. (Found: aglycone 70.0%. Calc. for C,sH,,;O¢Cl. 
H20 from CaHs,OnCl: 70.3%.) The identity of this substance with cyanidin was 
established by careful comparison with the authentic specimen. An air-dried specimen 


gave analytical values corresponding to those of cyanidin chloride. (Found: C 52.89, 
* 


oud Distribution number of monoglycosides: 10 (Willstatter and Mallison), 14.9 (Hayashi) for 
idaein, and 19.5 (Willstatter and Bolton), 18 (Hayashi) for crysanthemin, respectively. 
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H 3.86%. Calc. for CisHiOsCl-H.O: C 52.88, H 3.58%.) Paper chromatographic 
data proved also the identity of this substance with cyanidin: Rr 0.31 for cyanidin, 
and 0.31 for Polygonum-anthocyanidin [Acetic acid/conc. HCl/water, 5:1:5 (v/v)]. 
Determination of the sugar component: The almost colorless, acidic filtrate 
obtained above was evaporated to dryness im vacuo over solid sodium hydroxide. 
The residue was dissolved in a minimal amount of water and analyzed by descend- 
ing paper chromatography on the one hand and by paper electrophoresis on the other. 
By these methods, the sugar component was determined unequivocally as galactose, 

as seen from the following data: 


Paper chromatography of sugar component (descending, Toy6d No. 52 
filter paper, 15°) 


Sugar from Poly- Galactose Glucose 
Pyridi BuOH/H.O* gonum-anthocyanin 
ridin/m-Bu 2 
n-BuOH/AcOH/H.0** 
56 mm. 56 mm. 70 mm. 


(4: 1:5 (v/v)) 
* Distance of migration from the start after 40 hrs. 
** Do. after 20 hrs. 


Paper electrophoresis of sugar component (1.8mA/cm., 500 V, Toyd 
No. 52 filter paper, 3-hour run in 1% borax sol.) 


Sugar from Poly- Galactose Glucose 
i ‘ , gonum-anthocyanin 
istance of electrophoretic Vivien ieee Ete 


migration toward the anode 


The authors’ thanks are due to Dr. Kazuo Furusato of the National Institute of 
Genetics (Misima), and also to Messrs. R. Yamaguchi and T. Nukaya for their col- 
laboration in obtaining plant material. 
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Choline Sulfate Ester as an Intermediary Substance 
in Sulfur Metabolism of Fungi 


by Michiko ITAHASHI* 


Received December 14, 1959 


Woolley and Peterson!) were the first to discover the presence of choline sulfate 
ester, (CH3)sN+CH:CH,OSOs-, in the mycelium of Aspergillus sydowi. Recently, this 
finding has been followed by the detection of this substance in mycelial extracts of 
Aspergillus oryzae?) and Penicillium chrysogenum®). 

In the previous paper‘), the present author reported the effectiveness of choline 
sulfate ester as sulfur source in twenty-nine fungi, belonging to Phycomycetes, Ascomy- 
cetes, Basidiomycetes and Fungi Imperfecti. These findings indicate the possibility that 
this organic sulfate ester is a normal intermediate of sulfur metabolism in these fungi. 

In the present study, it was found that choline sulfate ester is actually formed 
as an intermediate of assimilation of inorganic sulfate in various mould forms. The 
experimental results obtained will be briefly described in the following. 


Experimental Methods and Results 


The synthetic media used are as follows: 

Stock solution: Basal Medium-1 (BM-1): One liter containing; 50g. sucrose, 
10g. NH,NO;, 2g. MgCl.-6H2O, 0.2 ¢. KH.2PO, and 0.01 g. FeCl;. Basal Medium-2 
(BM-2): One liter containing; 80g. sucrose, 2g. (NHs):HPQ:, 2 g. KH:PQ,, 1g. 
MgCl,-6H,O, 0.2 g. CaCl. and 0.01 g. FeCls. 

Culture Medium:  S**-labeled inorganic sulfate (final concentration 0.005 M) was 
added to the basal media, BM-1 and BM-2, and the pH values were adjusted to 5.5 
and 6.8, respectively. The total radioactivity (S*°) of these media, referred to in the 
following as Medium-1 (M-1) and Medium-2 (M-2), was about 30 uc per liter. 

In a typical experiment, 50 m/. each of M-1 was accurately measured into six 
flasks (300 m/., conical) plugged with cotton, and sterilized in flowing steam for 30 
min. on three successive days. The flasks were then inoculated with a pure culture 
of Aspergillus niger, and incubated at 28° for four days. The mycelium from each 
flask was separated by filtration on a Buchner funnel, and washed three times with 
5 ml. of cold water. The mycelium was then dried to constant weight im vacuo and 
weighed. The dried mycelium thus obtained from 300 m/. of culture medium amount- 
ed to 2106 mg., which was homogenized in a mortar and 50 m/. of water was added. 
The mixture was transferred into a beaker and boiled for 20 min. The insoluble 
cell material was removed by filtration and the obtained filtrate was adjusted to pH 
5. Inorganic sulfate ion was then removed as BaSQ, by the addition of BaCl. To 
this solution, an equal volume of ethanol was added. After removal of the precip- 
itate formed, the supernatant was concentrated to about 5m/. under reduced pres- 
sure. In the one-dimensional paper chromatography, the sample to be tested was 
placed upon a filter paper strip (Toyo No. 50), together with S*-labeled choline 
sulfate ester for the purpose of comparison, and allowed to run overnight in one of 
the following solvents: Solvent (1), an upper layer of m-butanol-acetic acid—water 


* Aichi Gakugei University, Higashi-ku, Nagoya, Japan. 
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(5: 1:4, v/v). Solvent (2), an upper layer of n-butanol-pyridine-water (4:1:2, v/v.) 
Solvent (3), 2-propanol—water (7:3, v v). The obtained chromatogram was cut into 
segments. The radioactivity in each segment was measured with a Geiger-Miiller 
counter. In each chromatogram there appeared a single peak of radioactivity, cor- 
responding to R¢-values of 0.16 in Solvent (1), 0.10 in Solvent (2), 0.43 in Solvent 
(3), which was identified as choline sulfate ester (see Figs. I-III). The radioactivity 
values (in this paper) were corrected for the back ground counts. 


C.P.M. C.P.M. 
[HS 
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8 SULFA 80 SULFATE 
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Fig. I-IIJ. Chromatogram of hot-water 
extracts of Aspergillus niger grown in a 
synthetic medium containing S*°-labeled in- 
organic sulfate. The location of a spot 
for S-labeled choline sulfate ester is 
indicated at the top of the graph for the 
purpose of comparison. Solvents used: n- 
butanol; acetic acid: water (5:1:4, v/v) 
for Fig. I, n-butanol: pyridine: water (4: 
1:2, v/v) foc Fig. II and n-propanol: water 
Cio; VN) Loris Lille 
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Table 1 shows the results obtained in the same way as above with five species 
of moulds belonging to Aspergillales as test organism. With each fungus examined, 
the formation of choline sulfate ester was confirmed in the mycelium. 
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Table 1 
‘ Weight of Incubation Presence of 
Organisms* dry mycelium period choline sulfate 
(mg.) (days) ester formed 
Aspergillus niger (Strain 4407) 2106 4 ce 
Asp. sydowt ( w» 4402) 2570 4 ie 
Penicillium notatum( 17 4640) 1698 4 ie 
P. chrysogenum ( » 4626) 1892 4 Be 
Monascus purpureus( 1 4513) 1376 6 aE 


* Obtained from the Institute for Fermentation, Osaka (Table 1-2). 


Table 2 shows the results obtained with Neurospora sitophila, two species of 
yeasts, six species of Fungi Imperfecti and two species of Rhizopus. Fifty ml. each 
of M-2 solution were poured into six flasks, sterilized, inoculated with fungal mycelium 
to be tested and incubated at 28°. The formation of choline sulfate ester during an 
incubation period was detected in all these fungi with the exception of Saccharomyces 
Strain XII and Rhizopus nigricans. 


Table 2 
Weight of Incubation Presence of 
Organisms* dry mycelium | period choline sulfate 
(mg.) (days) ester formed 
Neurospora sitophila (Strain 6070) 1884 4 Ee 
Saccharomyces Strain ( 7 2113) 756 3 pie 
XII 
Hansenula anomala ( 7 4540) 804 3 spe ol 
Alternaria tenuis ( #7 4026) 2553 5 5B 
Botrytis cinerea ( «# 5946) 3390 5 bw 
Fusarium solani ( # 5893) 1268 4 iu 
Oospora lactis ( 4597) 1621 4 os 
Pullularia pullulans ( 7 4464) 1986 5 ii 
Trichothecium roseum ( 7 6157) 1110 5 a 
Rhizopus nigricans ( 7 5411) 1293 4 = 
Rhizopus oryzae ( 2 4746) 1365 4 ae 


Cowie et al.°) has discovered, in the case of Escherichia coli (wild type), that 
the uptake of sulfate is suppressed by the intermediates supposed to be formed dur- 
ing the conversion of sulfate to organic sulfur compound. An experiment was there- 
fore made to test if there is a competition between choline sulfate ester and inorganic 
sulfate with respect to their incorporation as sulfur sources; Aspergillus sydowi was 
used as test organism. A BM-1 solution containing S*-labeled inorganic sulfate 
(0.005 M, final concentration; 0.3 uc per liter; pH 5.5) was prepared. 50 m/. of this 
medium and 50 ml. of another medium which contains, in addition, non-radioactive 
choline sulfate ester (0.005 M) as one more component, were transferred into 300 mi, 
conical flasks respectively, and each of them was inoculated with a culture of As- 
pergillus sydowi. The change in radioactivity was followed with 1 ml. aliquotes of 
the culture media removed at intervals. The results obtained are shown in Fig. IV. 
In the medium containing S*-labeled inorganic sulfate as the sole sulfur source, a 
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remarkable decrease in radioactivity was observed. On the other hand, in the medium 
containing both S*-labeled inorganic sulfate and non-radioactive choline sulfate ester 
practically no decrease in radioactivity was detected, thus indicating that the Soneunn 
tion of inorganic sulfate was markedly suppressed in this medium. 


C.P.M/ml. 


Fig. IV. Changes in radioactivity (S3°) 
of culture media (28°) with Aspergillus 
sydowit. 

—— @® — radioactivity of medium con- 
taining S%*-labeled inorganic sulfate 
as the sole sulfur source. 

----Q©---- radioactivity of medium 
containing $3°-Iabeled inorganic sul- 
fate and non-radioactive choline sul- 
fate ester as sulfur sources. 


Discussion 


In the previous paper, the author has reported that, among the twenty-nine 
species of fungi studied, those belonging to Aspergillales, Pyrenomycetes and Fungi 
Imperfecti are capable of utilizing choline sulfate ester as sulfur source, while most 
of the fungi belonging to the yeast family, Phycomycetes, and Basidiomycetes do 
not utilize the organic sulfate ester. In some of the fungi which utilize choline 
sulfate ester, this substance has been identified as a normal constituent'~*). 

In the present study it was discovered that this substance is produced from 
inorganic sulfate by the mycelia of two species of Aspergillus, two of Penicillium 
and one of Monascus, all belonging to Aspergillales, and capable of utilizing choline 
sulfate ester as sulfur source (see Table 1). The presence of choline sulfate ester 
in the mycelium has thus far been reported only in those belonging to Aspergillales, 
in which this organic sulfate ester is considered to be a normal intermediate of sulfate 
assimilation. In this connection, the above-described results (Table 2) indicating the 
presence of choline sulfate ester also in various fungi other than Aspergillales, will 
be of some interest. For two species of yeasts studied, this ester formation was 
recognized in Hansenula anomala, but not in Saccharomyces Strain XI. With two 
species of Rhizopus belonging to Phycomycetes, a positive result was observed in 
Rhizopus oryzae, but it was negative in Rhizopus nigricans. These results agree 
with the inference stated in the previous paper that choline sulfate ester is a normal 
intermediate in the sulfate assimilation in fungi which utilize this ester as sulfur 
source. 

It has been shown in the foregoing paper, that Alternaria tenuis is the only 
organism in which, under certain experimental conditions, added choline sulfate ester 
is partially hydrolyzed to liberate inorganic sulfate in the course of incubation. Thus 
the isotopic confirmation of the production of choline sulfate ester from labeled in- 
organic sulfate in the mycelium of this mould seems to be of some interest. 

When both inorganic sulfate and choline sulfate ester were simultaneously given 
to Aspergillus sydowi as sulfur sources, the preferential uptake of the organic sulfate 
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suppressed the incorporation of inorganic sulfate (Fig. IV), indicating that choline 
sulfate ester is an intermediary metabolite in the sulfate assimilation. 


Summary 


Using S* as tracer, the formation of choline sulfate ester was detected in the 
mycelia of the following organisms : five species of fungus belonging to Aspergillales: 
Aspergillus niger, Asp. sydowt, Penicillium notatum, P. chrysogenum, and Monascus 
purpureus; Neurospora sitophila (Pyrenomycetes) ; Hansenula anomala (yeast); six 
species belonging to Fungi Imperfecti: Alternaria tenuis, Botrytis cinerea, Fusarium 
solani, Oospora lactis, Pullularia pullulans, and Trichothecium roseum; Rhizopus 
oryzae (Phycomycetes). 

In Aspergillus sydowi, the preferential uptake of choline sulfate ester and the 
suppressing effect on the uptake of inorganic sulfate were observed. 


In conclusion the author wishes to express her sincere thanks to Prof. F. Egami 
(University of Tokyo) and Prof. T. Mori (Nagoya University) for their kind guidance 
throughout the present study and for their kindness in reading the manuscript. 
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Addendum 


In course of printing, the author found out that A. Ballio et al. had carried out the similar 
investigations. Ballio, A., Chain, E.B., Dentice di Accadia, F., Navazio, F., Rossi, C., and 
Ventura, M. T., Selected Scientific Papers from the Istituto Superiore di Sanita 2: 343 (1959). 
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Summary 


American wormseed (Chenopodium ambrosioides L. var. anthelminticum (L.) A. GRAY) 
has medicinal use and is also a source of essential oil (chenopodium oil), 45-70 percent of 


which is ascaridole. 


American wormseed seeds (in fact, they are utricle), vernalized at four temperatures, 35°, 
25°, 15° and 5° for 5 days respectively, were sowed on April 6, 1957, using as the control 


non-treated seeds. 

1) 
nalization: 
group was generally equal to the control. 


The germination, especially the germination rate, was greatly influenced by the ver- 
the 35°-treated group hardly germinated, the germination rate of the 25°-treated 
But those of the 15°-treated and of the 5°-treated 
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group increased over 10 percent more than the germination rate of the control. 

2) To clarify the effect of the vernalization on the plant development we examined the 
flowering season. The 35°-treated group and the 25°-treated one flowered about 4 days 
earlier than the control, but the flowering of the 15°-treated one was not different from that 
of the control, and that of the 5°-treated one was a little later than that of the control. 
Therefore American wormseed seems to pass through its vernalization phase at comparatively 
high temperatures, from 25° to 35°. 

3) As to the yield of air dried seeds, there was no difference between the treated 
groups and the control, but the content of essential oil in seeds was greatly influenced by 
the vernalization: that of the 35°-treated group and the 25°-treated one increased several 
percent and the 15°-treated one more than 10 percent, but that of the 5°-treated one less 
than the control. As for the content of ascaridole in essential oil, there is no difference 
between the treated ones and the control. 

According to the experiment in 1955 on seeds that were vernalized at 15° for 10 days 
and for 20 days, the content of essential oil in seeds increased 26 percent in the 10-day- 
treated group and 11 percent in the 20-day-treated groups, as compared with the control. 

From these effects, American wormseed vernalized at 15°, especially for about 10 days 
results in an increase in the yield of essential oil and is useful in cultivation. And the 
temperature in the vernalization phase of plants is not only related to development, but also 
seems to have great influence upon the content of the active constituent. 
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Some Critical Information on the Silver-nitrate-reduction 


in the Cells of Several Musci and Ferns.* 
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fl x DAAKMLANIT EU US LV AYRES AED 
AbDNSEE LMDEDE< PoIEASH, SA Cit 
tORMTBAILT Aare vie (Vitamin C) OF 
FED EW CHSLRH, SHITTORIMGMITT A 
aE VERO HBC NO RRHEL2) & LCI < AST 


— SNCS. HEMI OBA ISHITAX CW SB 


PEIAIT CO RIGOR. CL (VS Molisch fx 
IE?) DYER St, B< OBEN TWS. Lids 
LE ORIEN b fete k OMBCRALETS RS 
Lichboy, FS CAR) ICtsv»C Hlodea tH tt 
DEO VIKA IC OV CRA Lickh Ee, Te 
Sis TL KITS COBRIT HMM MIE 7 Aa EY 
PROTESTER ART EO EWS SDE A DEDE 
FED RARE & LC OFZ (LAE 7 BR He EL 
TEBRbSSOCSLEWMEWICLERERLE 
DS, Fist CHINSGER RET SHSET LOD» 
2 Teles k OE AD EPIC OV TARO Be RR 
AL Lich RIC OV CRESS. 
BHEAH 

MH: Catharinaea undulata Web. et Mohr. 
[> i waaFza 7], 
Sibth. [y2 Vea RvYa7],Mnium vesicatum 
Besch. [AA -AFavVstrvas7], Plagiothecium 


nemorale (Mitt.) Jacq. [3 yxt-7+#2=27], Sel- 
S. wncei- 


Funaria hygrometrica 


aginella japonica Miq. [7 7x27], 
mata Spring. [YF I7I~A7) O44 ORM 
& 2M OFRMOLL RRM LL. 

eis7 7 ~ a ALMA © 22S O FEAL £ 


* Bases 24 AS iia) (cH. 

** Department of Biology, Faculty of Scien- 
ce, Niigata University, Niigata, Japan. #f5x% 
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DWSCSEL<S HEB bNSEPbeENSILdHS 
PUOIBRY Zit k SRBBRE File > CHRIB 
7k & HR Leh ORBIT HELE. 

PR: FE AO pH ice Le 10 YB Ke 
AFF ¥FEDBO EC PAC P LMAO RIGO 
PRA AGE Lee. FIERO pH ILMB Is KO SN 
7YV€=7Ke WMC PH+3~9 OFF 2OR 
Bale aE Lie. COBNLWBeLETSCELDSEME 
HIFIBIT Ko CTRELE. CHHITLOMBSAN 
HOCH CO MMRZIA MLE, AHA COME, LO 
Ki e LC OAFO MAME 7c E OBER EB 
COV CRiili Lie. 

AH-A-F7ReVbAII7A AH: WCE 
RES A UIREIT Lo CHM PORTERS 
PRR Lic. 


ZR hm R 


Re RIGO Le UCAS Ic 3B 
BLOM RIEORA HT EMRSWA, THEO 
6 HO MAIC ISU CH ATR) ORGA & ISH ORM 
BOmARSHS (Fig. 1). Hiebb—-MITT vex 
7 PERSE CLM AK IZ Dk > TO RIGOR ADK 
ts LOYOLA SCOELIY FIWRARRFS 
FILIREA LY MAAR <MAMET STL LS 
Vs. Las L pH fag PS SIC OA CHER IT ER 
NIC FERIA RbnA)L pH = 5~7 oO Pilz Js 
UCP IT RSE AY 7 FEA © BE BO DS aS Sh, 
pH+=5.6 PASEICMAKOADNSZTEREEB YW. 
RELA IPMAZAFATRGESSICHAMEI 
(Av. Curt pH = 3.2 (rOMEeMbtElc sv. Cie d 
DH Cd 0 , LORE 4 (hic <b NCIC RY 
(Fig. 2. A.C). (hO 5 fECiSRKO pH 28 4~ 
3 LPS LRA HR RIMMEL A Z > CHRP 
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Fig. 1. Experiential diagram showing the relation 


between the reaction-intensity and acidity 
silver reagent. 


and Selaginella. 
. __} Thin line: 
oles of musci and Selaginella. 


==: ae} Broken line: in Catharinaea. 
* 


shown. 


B. KIL PUPP UEMERE 5 Lea bE < & 20~ 
30 FDA LANAI 4 RUT HE E 7 > TKS. 
WPPOWFITEAFMRMT SE LICK TREO 
WEwLOLS I SUS LS RHESHNS. EK 
MUBE & UB EY CIAL A EKETBAEMDOSTE 
lk?gdsote. 

Efe, CMOOMPEPCLABAIMEE IBS L AM 
CWB CRMERIEDRMDNSECEMHD, CITE 
VERE Se, Ast As at VI Soe Sat 
RFA, CLENMA WS, RAO HAE 
IGOR < TeV, C ORMMGBRBO Fdxwr9T ER 
Bprate. 

HE AIT HPTE (Eee eS MY Te AT Ud, 
EMWDSH Molisch KHIM AAMMAITOAU, 
WC AM ClLS> < BORNE AC a > CAE FET Ml D = 
YRAFAELESOCHEC, MEDIZ TO 
GERO AGE KM UET VY B. Ls L Molisch 
CSAS IRB C7 EO HITE, COBRA 
LEED WME CeVBASHO, CLIC THF 


t Thick line: in chloroplasts of musci 


in cytoplasm and vacu- 


So-called “Molisch’s reaction” is typically 


of Fig. 2. Photographs showing the appear- 


ance of silver-nitrate-reduction in the 
leaf cells of Catharinaea. 

A: Treated with acidic reagent (pH== 
3.2). Reaction is faint or negative 
in necrotic zone, and typically strong 
in intact portion. 

B: Treated with ammoniacal rea- 
gent. Darkening and precipitation are 
remarkable in a whole cell, but 
chloroplasts show negative reaction. 
C: So-called “Molisch’s reaction” 
occurred by acidic reagent. Note the 
localized blackening of the chloro- 
plasts. 


way CLE M Ch SERITA CHS LL EH 
fePacic. FKIPAZKFAY CE pH+=3.20BU 
PAIK CX bw CIM W7e Molisch WiRAs4 CTO 
RRICILEMOAY RAFAL bHwH THM Cho 
C, HRICWMREIC hs CHEM Le Milla Clb B 
DAK, FOWGHALSMSHPOKBEMI LAKES 
bHH>RBOMWOMACSL, KISRBGE SD, ¥ 
RNA CHT, KIGSOREA AS HIG O ES EIT HEB 
TEEVWISPKOMAESS —-RKUETWS (Fig. 2. 
A). La List 6b RRO pH AHMAD 7 yea 
7 PEN & (8 < (Ct CHER EE BOGE GG EO Wie 
AMA EL ART VCR RE DSGR E > TX BPS 
(Fig. 2. B), HITOH TOOL cS, ES, 
TOR ORR S EO EDK ICA & 7 TET, 
SHCA ON RIK L, GEMAWOLTOe 
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acceleration of silver-nitrate— 


reaction in necrobiotic zone of the leaf of Selaginella (pH of 


reagent is about 5.6). 
A: A cutt-off-margin. 


C: Stabbed points with a needle. B 


and D: Magnified photographs of A and C, respectively. 
Note the remarkable blackening of chloroplasts. 


Bk BCR CW SLADNSELEAOD, SX 
4S RIGOR CHoLMMA, 22> T,UPLA, 
XO fe A AK OG be IC Bb LT 
SZcrtetoERsns. COLI wARIY Zz Ve 
eysZVa7, BEOSYFIUZIZAT CARD 
bh, [hb CLEMAPRIOY bKOETRE PF 
Ct GAM MWIT BIS SD IO (EAEDMEA IT WY 5 
hh, SOI 7FITATICHW TC, COMRMEH 
CHA WIC DOP ITAbNS. Thbb777z 
ay HRA RI AEST SIC HelliD pH+-5.6 
OBI CBR LEI CUS ISHS \ HE CH 
On, HZOUMMM, ER, Sbictkeve rhe 
WAAR Ch, ChHbOGSMRTWO-ERAAN 
OAMacis, FRAO RH AMERIDDS bd TH 
DIT DAR < Ho CT < S (Fig. 3). FORMATE 
dead ring (73) LEMIPNSHRITE << MCWS. 
CMAP F ATA 7COUM, ASE COMBCSE 
4 < AR CHOP ORU CMI Metre ESO HRA 
CE SRA CHC LAWS ChoT, COUR 
GOBBI ko CRI (EET SS Sb RPORNS 
BARBECTWHSEDLEFZ ONS. BRITHRML 
fof BA CIL, PIL YO WIRILA CH > TH HAL 
Di «DER CHA NCH CIS, TABLA: < 
BTR, 


A-AFa-F YAY CUAM—-OBRCUMPIZE 
2 Casts 0 KIGRRAADGH > TUT, PH+5.6 OR 
HEC H Hs LK OBER Hl (LAA O — BMG (EAS A 
rb, Pp ci HA Is LOB CLI 
THERA OPW EDO SX Fes TW SE EBLE 
LIREERS hie. Caitll—PM HS, [AMEE CSM 
Pie Lo CRIAEROLDOONMEAREBir so Tl 
mete nn lo Gl wor 

JarbFI71 -ICLORTCEVROIEROE 
FRILK LAT) DULTKNLD AA OBE LITO AAR 
Y bMS, ILD, FERPA IT OEM Ch 
SLBISEMEASN TERT AAVEYBOMBEI 
Clive <, PR IZIEIE RE0.08 OYPWiz-S -& HF» 
GHELMDCBREOARy DBARHBSHE 
(Fig. 4), Rf 0.4 WHEICHBLT AST Aare VY 
BLZe A LHECE LDRORBCEMAWIZEO 
FERRO SNS, CHOLOWBE, HBO 
ERRRLCSLUEETEAZLT, TO RED.08 
BILD AR? RCA‘ ORCA EAA Hila Ic 
Ist STAB SRE TT RIDOEAK CHS TELM BSAC 
bo. FAAFaVFvVAT, FU RRFAT,§ 
VFR ae, Ct RE 0.08 DE ARY bIT HB 
LEAKY bRHSAM, CHMAMROVMM AM 
DYBAICHIKNLADHIEAR? bERTSEO 
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0,08 * 


1 2 3 4 5 6 7 


Fig. 4. Schematized paper chromatograms. 


(1), Selaginella japonica, (2), S. uncinata, 
(3), Catharinea undulata, (4), Funaria hy- 
grometrica, (5), Mnium vesicatum, (6), Pla- 
giothecium nemorale, (7), Pure ascorbic acid- 


solution with metaphosphoric acid. 
As: Ascorbic acid. 


acid. *: Unknown reducing agent. 


Db Lic, CHODWHCEFIITAT, ave 
YVAPIVAT, BLOF IAAF AT CHEM 
DARY bRBbHNSAM, HUHOOMe<, EK 
AS EOS US Ld» > tefl LIL F LEH 
aT, FOMRIRY CHS. 

Rf 0.08 DEOEARY bP WAIT ChSr 
WLS Te IsFA dD BOPBMWHVY CWUSB, FEE, 
MeEAHNCTAAVEYROA, BRITE OT 
iL, COLD (CMR IIT ER ET Hho w 
ARBdbSLWIT LEICA LED. 


s & 


TAarvevheE (Vitamin C) AMAic3sv.T 
TKK © fh E LCRA REIT HERE re Bee IB 
L5), EPICA RIT bh BBE 7c I 4 057) Lvdh, 
%OFFFEO RAUL ALPE bk, Xd CHIR 
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Ke LOLOCHS. THOM MEF HH 
HEL L-Cld, HEH Giroud-Leblond 7&')ik UH 
NPR SRT BLISS < SAPS AUT Vy 2). IK | 
Ff (1950—1954)8) DA Wire WIE IS K OPEC 
ee M MSN CWS ECA ANIC 
LAB HS BRET O fe DMM Ie Ts1F 
FAANEVRBOPEICEFT ( bOTHSEX 
Lit, SARIFEME SNCS. LLM 
BH, THEORMRT AAVEY RO Md 
{EEA RHEL LUCHA Sct, DFLB 
FCO IC, TORRE L OBES 
+YChS LM ENT LU, FTE 
Mirimanoff (1938)°), #7 3% + Hix (1947)"), AK 
, - 32] (1950)"1) ts & US Danielli (1953)!2)5 
Dk > CHS Cis DO , KF(1951)9) TA 
ae YIRLUITS & Y= VRB, DOPA, 
FIRAA FREABME TICS UCU 
SYBRLHOSCLRWSANLCWS. BH 
HP CAR) (CT s\ TC MAO YAK HA 
DBI FARIT KUTT ABNVEVEBL It 
So RWMOMRIC Lo CHIT ENT 
WECERRE Lie. BEIs LO pI 
> Chin LEAR ORES IEMU CH 
C, WRBSRTCAAT AareVRICLoCC 
Le < BTR) IC ISII S LMARROAME RH BAS 
ERK Leo THAN THOSE LEBHS DLE 
oi. WR)ITAHLEL II, COBRR 
EAM L LUCHW OHS 2 2 AR A KY SR 
PSIC KIT SA, CHIRP Cis RE (Als 
< DUPER TUS. AF (1951)*) OHA YM x O 
PARRINCHTDRSEBSLHSAM, FOLIC 
SSOHRTCOEKALSLD TABLE YBRRUTCE 
) thbisalKMieb0CHSITT eV. KE, 
TAS FROWBRICAVYAVYVROARY ADH 
WLM, FAAVE YRS < RH S Hid okO 
DME—O PIS ChB. COARY bawWRMITMTC 
d BAILA HIT CKDIICF AAO LEKEGSH 
Tlrfeloes, UP HITE, COT LMR 
RGR DIZT AzAVE VRORBH It IAT S Iz 
i, COLCA CANARD SMNEDFLELEO 
AAI LEDSHESE Cla TRV ERR LTS, 

GEK, APART INL Aare VERO AN 
ISIS SMELL LAT LO CHE LW HATER 
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Ds, AFF (1950)®) iE ACSA BSHR IT OVC Ae 
EFURRE OAS, Chikts LAKlais LOM 
fl CRIT AIK LTC SEO CHC, HERA 
DERM Met Ted S Molisch fej tH 
BRAC SIF SKN TELAT LO CaaS, 
TRB ARFROKWREI bo CHERAB IT IR 
BSN CHSEELOCHSEL, PH MRIGERITK 
SRR HETCL Db, RH < HBA 
bOI CliTe vas & FX, Caruso (1938)!8), 
Savelli and Caruso (1938, 1939)!4), 
(1953)!2) B& 7 A2VE VION OD BIZ It 
Stliz b&b, Hofler (1939)5)4 vy 5+ 2 OF LWA 
Clk, SFLAEA UC eRe EH Te Molisch fog 
DiESD, BAU ToT LIT MIT KL 
QOECRA LTD, MIAH O Inte & 
WILY fic, fd BE BARBATE LSA 
FEEDS HS. TP CiCAFE (1950)8) BERL 
BUR) To LOBRRRCKBD brie kb 35 CMO 
PH WBRIGORMICAS <BETS. COTLUA 
FEIC Eo CIS EEE AIC K OSES BOSLEDME FOL 
C, MIZE MIRC P5 CK SEI EMAMHSD 
beEwWwSSESFZSHIIM, Zax pFFAO 
WA & UC OARS REIS, PALE CS, HET 
b, TYEATHECE, RROBAIM—IGILKE 
i<BIGL, HbHSZARY HAHA UME Ch 
D, im vivo Ch—-KWiTE O b OILBEITAYD 
DES do TH, KW TOHU TUS, MIEO PH O 
WMI koC, CHEROWBFSORIE WAGE 5 & 
LEOWBRSESASHcv». fe, VdoK)S Molisch 
DCI O BEF 7k dob ERAN O Ras & HEMI S 
DD, HE pH (AT OMhoO Ke ic Xd S Cy 
Sbii CHS. 

RARCh, AAAF a VF YI CABAITE 
BRAD Ase ters, $ Clic Liebaldt (1938)!*) 
tk Mnium (cOvrc, Weber (1937)!”) (xk Selagi- 
nella helvetica, Mirimanoff (1940, 1943)18) jx 
Mnium ts kU Lithops \2O\V>ClHI—#ARR C GD 
FNS b> CHERIAOD BYE DSAR—iRITHS CL RAT 
WORD, CHODETEMABA ROMANE LOX 
BicheEtT< EF SOL HH CHT, Caruso 
(1938)18), Savelli and Caruso (1939)!4)(z, BOISE 


HIT ET A AW 7s MIAO EBA RSHTHRS CL 
RAB L, AH (1994) *)IKGAMIL RES 5 
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HUMF ORK ES SOME AO RIDREIT ko CHBSH 
BEV CHEE LTION, [AARC Hh a D4 
(CEES StW ERDAS. 

Mis - AR] (1950)") ic knid, TABLE YH 
BAAS TAK Ca SEITE PH 3 ITO RIED 
Hl CH SOM, SRAVNCHS4O CE pH 5.4 
BORRe BEATA TL, REL, BHOY Cit 
TAAMESBRICMTS SERED Kb 5 db WUE 
BES SCEREFVARIT Lo TH bDIZLTW 
SP, pH 3.2 Cie bititize, thro bc X by 
ote Molisch KiSe#mTF i weeFaAy, %, pH 
5.6 Dux Ch SOM CS, 
FADARY OME, KES, MSD6 MET 
WRANNCIL&L DAA, COBGHARITELABMRHSE 
ikdbtricw. 

EfoMlaS L < (LHERAO ESE L IGORE & 
tL, PRB EBA LCV YC BIS BF LW SU 
SUS RIGABGED, HAE bOCIRIEMA CH 
BrEIMLGER EK <b MN, BIG + AFF (1953, 1954) 19) 
LYRIC OV ChE OGEEREOWEICEC ON 
SOEAREMEIC LSC EMBAWICE AMER 
CHECERW SANIT LR. WARK MITOV COR 
Wt) OER COMIZTOW TILES HRUL TWF. 
KRAROKRREAILOCHICBF SEL RBS RoE 
WB, EKEOL 5 EMAAR CHOBE bd 
0, SBOICMBGHOBRERo CHS EMbN SM 
NCR Zo CWS US LU EHEDES EV 5 UHOPI 
LE Chok. LOL, COLIRBE, RLT 
(5 ES ALR ds VC A PC eT ES 
AML LEB bSnF, THAG BIC LS MA 
Lic MIAO tiki te EME (t, PlZVE PH HS 
WtEO BEER, COLD BAITED 
2 CHC WSAE ELIT He (RHE AE SZ CW SEO 
LHEW ANS. EK, FIA KRRFAT Clim 
D pH kot, GHAWMIC wt 3 VIGO IEAD 
WHR LUCIO, KIA CHOBITS, UPL 
THEMBRRAEDNTL Es Kb CRC ER 
AL, CHHOHR(L, KIGSOLALE Sie itscte 
WE ORIEN Re AST ES SFEROS XZ & LY 
TLO—-RLicW. 

DUAR % OER ILE TABSR IED Ae, Vol 
% Molisch jit, TX COMAIC AICHE 
THEME RMA SWE CICOALATT SS 


AHA Reh 
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DLW ZTHWLWDICLERMRETFSEED CH 
TC, FAcH20) & Molisch IgHe 7 AB EVEBED 
— 35 (Te BUR ISBLE Stitch MA RIT ts TIRE S 
HEEREEOD PITCOAMYVOSDT, ELTA 
aE YEG AUETIZM UCTHELAS EOTSH 
true BR, HCIe (1950)8) pH AxACHRAO— 
DCHSCEVBH LCSD, KRRRMORARILS 
bidet, BR Lot L OWE, in vivo T 
ORIWSOAIC IS, AVA AO AGW 7c ERA 
ARBECMRE b> CHSTCERPEMG LOS. 
ZOLITAAA, HAMICILEOL 5 BRITS 
oa CRASH CU SAUL, SitMBst SAIL bt 
COW, EhOBBAC Lot, Tieb bs 
Mickoc, Mm SSiciseMiglic ko tCtnen 
BZ IpSOEPMERHSLBLS TEL, FS 
ICP COTES < DR OGERO AL & LAA ES OP 
PA RWS SEBD 0 LTSO CLEVES J ds, 
K<SMbHCE II, Wm Lifes CL GHEE 
mick&bh, Weier (1938))Zofibic KAWES Avis 
PLO HRI ARADNTLED DO CHELS 
WCWS. Ld Mirimanoff (43+ (1954)*) mf; 
atko) lc Lhe Bryum capillare Cit 0.1% 
Phenylmercuric borate C# LV AaVEY Re 
LEB LEO CH TPBEORIEDHMY bh, Tals 
KUGAST A aM E VERO FEIT LS LY BRRAO 
RMI LSELTCAMKEWCLRAT EME LE 
CWS. HH, ERZRTELFIT 4 — CAP 
HCH 6 A a PPAR EAE UCM SAE, 
ONRLEMP FED GRY it TEI DRE STU BIT HD 
Phbt, RLEAA APR CHQAMEe LTS in 
vivo CHA GBHe IIS MMHER Bld Sie. Cals 
TR & UCL ITER ILA EE SACP k UT 
b, FMDV LISS AMG Cit, BOSE IT HEB re 
CIUb thd 7e AW ABA AMIE SUT LE TU 
OIrb &Henist So L GAGE CH SP% LINE. 
fil, DEORE BMOTHE, Chbiets LO 
EPA TISAE O MN IC toVS SARI TE IES T A = 
MEYRIN OWMARBEMKL Teo THE, KIO 
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SILT Lb THEA RHA Ls TOK 
RESNSEOCIE<., RHO KVIC Ma 
EKO a Bw te AERA LTO SE | 
L, EMMA MMAIC—RICAMLETWS 
4D Cho TC PRADO HRY AYE, | Bl Molisch 
Mists, te LAR 2 OMA LOAWAEIC 
ko CHAS NAZAR RGITIEF § SOL HEM S 
hh, MMOAHCHSELONMASLEOE 5 TEA 
HWAEBAH OB & LU CHRANSNAX THY, 
F-2) & MOM ICICI SAY ORRMAT LEWIS 
Leo CB), MRNICERLELARITSHS 
¥ ORR Ie 7 A 27 E VERO AEA 
MIB E UCM SHBG IIL, FC\CTOBBITMAN 
WILE OFFERS LOMEMERAF EO EVV EH 
F, BEI Lo CRE RO WEIL ORE I 
BM UChrisk 0 YEICMERERRALDNSENETC 
bY), EKMIGERO BRET OLY Th MAD tw 
To ARSE A DH Saeed hehe bmw k se 
24. 


OD ICAR RAMS ee PSHEAMIUAF, xk 
FEDER, AFAASED, MBPT, KK 
AAS, MAAR GWEC MRR S. 


z #) 


APLORE, 2 MO-FMOHO Mialc OV CHS 
Uc he Rat Lee. 

l FevpFF7aist, WiEAGERKRSERLS 
MET AANVE VBC Lo Cts <, RKEBOH 
Oy APA Lips CHEANSTLRARLE. 

2. KEIO GRS 4TH AO Bhs & OEE 
MUNG 2 Ee BE & OD PR BE Te HE Ze E IZOVS TOGERO 
RE & (LEK LIEV << OHOMRAA SHEE. 

3. fil, CHOOSE Lda db MMBC RIL T 
AALE VRRO MAME KH RHEL LTS NTO 
WAIL TO AED TER LIL ERT, ROH 
welCltieis k OEIC MBG ERLE SL Bb 
b. 
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Summary 


Several critical observations on the silver-nitrate-reduction in the cells of four species 
of musci and two species of ferns were carried out. 

1. The trials to detect the reducing substance by means of chromatography in these 
materials showed that the reducing agent was not ascorbic acid but unknown other sub- 
stance. 

2. Observing the reactions which were carried out in this study, some contradictious 
facts which disaccorded with the present investigators’ view that there were some close 
associations of the reaction-intensity with the quantity and the localization of the agent 
in cells and the intactness of the cell were noticed. 

3. From these results, it must be more carefully considered that the silver-nitrate- 
reduction is not always sufficiently the specific reaction for ascorbic acid in the cytochemical 
use. 
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Physiological and Morphological Studies 
on the Pollen Grain Part 18. 


Nitrogen Metabolism of 


the Pollen Grain in Zea Mays L. 


1959 #2 11 A 24 AS 


BUS!) Inc, Paris hexaphylla Chamisso. (7 
WeAVIARYY) OFERNE sucrose agar hb 
ECHEAMECH OA, TOTEM, 3 LOWETV él 
ferb iC GSERST 2 7 WRX, sucrose agar FF Hb ic 
MIEIMT SCLICLY, TEBOREH IS LOVEE 
OWRD SES US (RHESNSS LRA LK. 

ADIIEITIs\»Ctk, sucrose agar Hib k CHR 
CFSE Be Zea Mays L. (bv eR ay) OFF 
MOKBICNTS, M-eOUICRET s 7 MIM 
DPBBERTSLL RIT, COTEMOMRICBHE 
FONS7T 2 /MOME, SOICEFEAOB MA 
CART S/H, BLORABRBRAROWE, Is 
SUIT OLEMHO transaminase 7RtEICOVY CHR 
as 3. 


RRMA HE 5 UICRRAE 


(1) Gi HH Bt 

Sucrose agar 4th Cli, FE SDH CHEZ 
Zea Mays L. O— inti [2-7 Ve ANVRFAI 
eRe LCL BO, TEMA O AIH bY BATE 
NCW OANIOMES V>, IES sts L Of % HHT 
2 Ope. 

(2) RRAR 

FH ARIC LO, EB O FE SH & UC OR 
sucrose JH REjk 15%, jxsii agar JLHeik1%, pH 
6.59 CHOC EeHDOSE. Lo CKRMLMUT 
DAE C, sucrose agar HbiceWEA 0.0005 
%, 0.001% 3skLUs 0.002% 7 3 JX MMLK. 
{tty aspartic acid, glutamic acid ts kU cysteine 
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DET 2 /7MEL, HhOBRMT FT MLOMBICL 
427 I MBAR MebeO<K O, CHIE 
WHR Lite. 25° C1 RSGSEL, BHC) OAWKIC 
LO, 7EMOFRFRERLK. kee LIT i 7 
ILRORKRAASHMO LOT, WH) LAO 
bOXMWK. th, 76, His LOFT Rica E 
HST i 7 MOMMIcov cls, BIR) HEC — 
Aa Paz pPIA7AITLOMBLK. DEE 
HONE OPE?) tk, sucrose HEE 15%, BRT = 
7 WIE 0.0005%, 0.001% ts LU 0.002% & LTH 
ABH RO ER 100mg eH e LC, Warburg 
BIC KY 25° IC CL RMORMRIARIEe WEL, 
eR are pl (CCA Lee. 

OPICERTERMO MHL O BAPERIT Fe SIG) 
OD, RABERELOT 2 J/RERORECOWT 
tx, micro-Kjeldahl 22, js KOS Van Slyke #&(z £ 
DAHL, WEAK O Ae lg HICHENS 
fate mg arCa Lic. #fe7E%}O transaminase 
3455,8) FEMEO pave ic lt, ESE 15g ic 7K 
20cc HIN, Fisk C Kk < BML, 3000r.p.m. 
C 20 Siw BEL, LEY pH 7.5 © 0.1 
M © Pima MKC 48 BER, 3~5° CMEPFLI 
, CHeMRMEUCHALK. 7s 7HOERS 
hE LCId, TEREST UREA LRAT S$ 7 BRE 
Wh. 7s JHORAKL UTI, pyruvic acid, 
a-ketoglutaric acid #VWFHoHE VY — F ITT 
pH 7.5 cram LUCHA Lk. 7 2 7 BYR (0.05 
M)a-ketoglutaric acid (0.05M) 0.5ml, 0.5 ml 
CAPRI 1.0ml &inz, 30° C2 RIBS ee 
%, BAe 5 HAA CRUD ik Sie. 
VCH a Bee Tiel, EY 0.001 ml eR 
#& No. 50 OR Alt spot & UC, —uk THEO 
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AHA Zar hPA7RICLOBHSY, 47 
[7 fRi + b HEL OHIO transamination OA Ate 
Be Ute. 


RR Rss bk VSR 


(1) fEMOMHCLETM-EOOICHAT 
2 7 YRINOWE 

xT H—7 3 7 Moyes Hh Clk, & < ie 0.0005 
%Q aspartic acid, cysteine, glutamic acid, his- 
tidine, methionine 3s kU’ phenylalanine M¥Kjq 
LOWES LV HHH BAGH. Lal 
0.0002 % 7 3 7 MRR meh Cit, Ho CHEF Ml 
OPA DABS ire (H1LRBR). Lo Ch-7 87 
PAYS Ines C, BSR FG (RHEDSA b tri aspartic 
acid, glutamic acid, cysteine #H}t UT, Hho 
MT i /PRLMAR KR 2T i JRA LE 
0, RULER LCH 2RICRTHRE ZK. ¥ 
+ aspartic acid} 4f—87 2 JBL OBA HCL, 
VPs M7 3 7 HITHER LO, WOUSL 
VSS FETED A bHCB, Ch alanine, arginine, 


lH JEMORETLIETHM—7 iV 


BOVE 
Titik, By DiMA 
7 i 7 ROR 
0.000524| 0.001% | 0.002% 

Control ASFA MSA) MYR 
Alanine 17.4 8.5 5.0 
Arginine trace | trace | trace 
Aspartic acid 48.8 21.0 0 
Cysteine 44,1 ILS 0 
Cystine 13%) trace 0 
Glutamic acid 37.6 15e2 0 
Glycine 8.2 trace trace 
Histidine 13.8 1k 10.8 
Hydroxyproline | 10.7 trace | trace 
Leucine 9.8 trace | trace 
Lysine 10.0 trace 0 
Methionine 30.0 trace | trace 
Phenylalanine 20.6 6.6 0 
Proline al Sal. 9.0 
Serine YMA) ail 8.3. 
Threonine 18.0 5.6 0 
Tryptophan trace | trace | trace 
Tyrosine trace | trace | trace 
Valine ieee trace | trace 
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B2H (EMO HITS LIES 2HT 27 
BRA HHO 
7 i 7 B® i B 
7 2 J TRO RS 0.001% 
Aspartic | Glutamic | Cysteine 
acid ® |acid | ENS 
RA | 
Control HE 1.5% UH 
Alanine 56.9 Ale) 39).4 
Arginine 54.0 38.3 54.4 
Aspartic acid 21.0 53.8 See) 
Cysteine 53.8 LIED 11.9 
Cystine 51.0 52.4 Aral 
Glutamic acid 3015) 10.0 D2 
Glycine 68.0 47.8 54.4 
Histidine 35.8 8}500) 38.4 
Hydroxyproline 37.6 47.1 3220) 
Leucine 42.9 39.5 35.0 
Lysine DZ) 37.6 24.0 
Methionine ae 30.0 38.4 
Phenylalanine 41.8 24.3 BOR 
Proline 32.5 49.6 42.6 
Serine 50.9 61.8 45.8 
Threonine 66.5 47.6 60.9 
Tryptophan 32.9 63.0 27.6 
Tyrosine 35.2 33.6 29.4 
Valine 41.0 y's) 45.4 


cysteine, glycine 3s kU threonine LOHAtO 
YAS GS fe (RHE RASA birt. OFZ glutamic 
acid *«7clX cysteine }{(O7 2 JBL OLMMES 
Heh II Th, WSCALVMFLEBASH 
ries 

DEAS bW SACHS CL <, Sucrose agar 
Beth LiCdsItS Zea Mays L. OEM OR, WH 
WLEOM—7 3 7 BYR MIT LOM SNS, S65 
HH 4MAVOMMT 2 PROBA KO FE 
SRE M RITA SNS. AR), CTF VEE 
EC, Zea Mays L. D{EHORRORFRASN 
TEMG LIM, Bb < 27F VOMIT Ko 
CHEF SHSMOT i /ROBAW ABC Hic 
BETS LOL HBSS. 

(2) 7JEMOMMic het7 i / BOVE 

JEMOM Micis List 0.0008% OAT I 7K 
OBBicow ls, P3IHITMFCEe <, arginine, 
glutamic acid, leucine, methionine, phenylalanine - 
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sh 3H TEMOMEMIcts LETT § 7 ROWE 


) ae ae Be ON 5 

7 i / ROB i a Fe EE 

0.0005% | 0.001% | 0.002% 

mi .10] | maOiins 10s 

Control 1349.00 = = 
Alanine 1393.14 | 1481.03 | 846.30 
Arginine 2105.00 | 1307.00 | 894.73 
Aspartic acid 1438.50 | 1393.80 | 1171.80 
Cysteine 1360.13 | 1176.30 | 880.00 
Cystine 1359.76 | 1387.00 | 1329.82 
Glutamic acid 1997.29 | 1228.20 | 1156.00 
Glycine 1523.61 | 1472.86 | 1153.14 
Histidine 1539.00 | 1246.70 | 987.35 
Hydroxyproline | 1323.19 | 1088.56 917.90 
Leucine 1614.48 | 1410.00 | 876.86 
Lysine 1550.24 | 1202.85 | 1192.78 
Methionine 1643.90 | 1142.49 | 973.71 
Phenylalanine 1749.00 | 1341.62 | 897.00 
Proline 1622.50 | 1100.00} 962.28 
Serine 1718.75 | 1270.15 | 863.10 
Threonine 1636.18 | 1341.60 | 1235.10 
Tryptophan 1605.62 | 1388.75 | 1304.72 
Tyrosine 1501.25 | 1213.03 | 1199.76 
Valine 1423.13] 1109.60 | 1185.98 


js kU threonine O47 2 7MOMMIC LO, 
RBixVUSU< Hn Lic. SSICT 2 7 BRES 
0.001% ICHDSL, MRMiPPMY LEAS, Ld 
L control ICHtSzL, bFAWEBSIEM OFM 
eS Ne. SSITT 
[/BRELAMLe 
0.002% “Gli, Who 
7 2 7 PRYEMOWE bE 
PION ILM TL 
fe. COCLUBEOR 
W7 i 7 Bor mic £ 
0, FEM OFEH % Mtl S 
MTEL, (WbRwOM 
RRmHSeTE S Mb 
%. (75, REO T 3 
7 TEOYEINT & OAERO 
FG Ie An TALIA D 7 18 18 
27 WIL, ETMBFIC, en 
ZOVRIMNT LY FEB OF 

FLV CS UL< EHS 


eS 


Bot. Mag. Tokyo 


Vol. 73 


HS. COCLIK, sucrose agar keh ic c ORLA 
OFT i /BRYIINSS CLICKY, HSMOFRA 
A CMR (LUE L, CHAMEMOBHEO = 
AHL, EMPOGLELMRT S40 
tBxoHe. 

(3) HESS LOMEP VIC RENST & 7 RO 
fax, $e bUIeme, transaminase 7j§ 
tt 

Zea Mays L. OBATE 18 HAVO LD, BALE 
BiCVt. SUED ERAT & 7 RB ErO BCs 
1Mom< ChS. TieddbH/E 10 AAT KD, 
HEF VOW MIE cbfeo Te, G7 i BS 
HOMMBAGH, BES AIC7T & 7 BOBS 
KBICHEL, COMP ORREASAM, Le 
L, FOB ISS MIT BD Lic. OSITHET WOT 
SP PMSROBLICOVCHSL, BATES ABIL D 
7-RICaMeRRAGH, BE3 HRC mA 
RRL. ERBICOWTCASL, (EFUMOUER 
WL dtc, RBIC7 i PRSROMMAASNH, 
BES Hemme Uc, DewORLE. 

D¥it, COLIRMT i /BSRORReEALE 
HEF Vs, J LOWED OBATEM AICS S72 7B 
MPIRMITOVTHRSL, VF AO MMI J alanine, 
arginine, glutamic acid, leucine, phenylalanine 
LU serine OFMASMICAAESNS. Lab 
ZC OWMATEM, I KOMET VIC te LIT 3 7 RDS 
eA SIS. 


10 Cr’ 1 WW 3 7 14 
a H «A ig PS a a 
it wT WA t& %& h 
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BAR EM, PLOMTVICSENSEH 
BET 2 7 


7 > Jeo RA 


Alanine 


4E | ee | F Oe 


Arginine 


+ = = 
+ = 
++ 


Aspartic acid 
Cysteine = ‘S 
Cystine = = 4: 
Glutamic acid 


if BS 
+ 
+ 


Glycine 
Histidine 


Hydroxyproline 


Leucine 


+++ 


Lysine 
Methionine 


| 


Phenylalanine 
Proline 
Serine 


+e+ +h +t 


+++ + 


Threonine 
Tryptophan 


Tyrosine 
Valine 
Unidentified 


+E tet +HEt+Hest 


+++ 
+++ 


Sarkar’) Blix Zea Mays L. OER HI tx UE BE 
O72 /BL, RAOMKAMICLSE4Ox Sb 
12 OT 2 SBeERELEA, KRARIT HV TE, 
WeMeT 2 7PBE UTC 14 ft, RHOMM1 MRA 
bite (84#RBM). LeObEnSOH CHEM, 
ESA, FigpICH LUCA REA Sh ORO T i 7 
PRIL, WPI GEM OF MELEL, 2 O7EMOMW 
Mew S2tS oC LMR SDV. tee EHoOw 
BOHERICPETC 5 7 2 7 RORMMORM ICL OBR 
RH SANIT Sed, BALE 18 ARIOWED V.& BATE 
MA OMEF ICO CHP LIEL LA, &< Af 
HAO T 2 MEPS. COTE, FISK 
SeOWRIL, MAOMMICLboT, HSMonie 
MBOT i /BMOMMALICLEbDOCHECLE 
mS. ECBAEMICMEP HITE EN SRARER 
Ze WAKE LU CHERRT 8 7 BOM ARA LES 
A, WET = 7 RL—MOLOMRALHOHHE. 

OSICTEMICBENST I SBA AIT RTS 
transamination (COV CRA L, #5, 6 Kita 
MReA. ChxiLOASE glutamic acid & 
aspartic acid # kU glutamic acid } alanine & 
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M53 BTS 7HPX a-ketoglutaric 
acid £14 glutamic acid MAX 
75 7RROME (Spot OCR 
Alanine | tt 
Arginine + 
Aspartic acid +t 
Cysteine — 
Cystine Se 
Glycine == 
Histidine _ 
Hydroxyproline — 
Leucine ae 
Lysine ele 
Methionine + 
Phenylalanine a= 
Proline — 
Serine 25 
Threonine _ 
Tryptophan + 
Tyrosine SE 
Valine + 
Control 


+Oz2# tk glutamic acid ® spot Zi2 


TAILCALEBSNS 


xk alanine 


CLemTt, 


S638 Sh = 7% pyruvic acid 


DAR 


7 i SORE 


4eh% alanine © 
spot Heil 


Arginine 
Aspartic acid 
Cysteine 
Cystine 
Glutamic acid 
Glycine 
Histidine 
Hydroxyproline 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Proline 

Serine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Control 


eH LH I 


He He HOHE ROE He HE HE HI 


+0225 xk alanine 


® spot ZiA»F Arya 


MOSHE C ERAS. 
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M[¥JO transaminase MPF mg 
ADRES, COMOT 
3 /W#L pyruvic acid, & 
Folk a-ketoglutaric acid 
&£@® transaminase M757) 
‘HCA SALDOHSH 
te, Albaum $s £ Ut Cohen?) 
LSE HME HC lt 2 
% glutamic acid } aspar- 


co 


ba o> HR OR 


tic acid } M transaminase 1 
TRMEIL, FEL O fy Wiz aR 

<7 DWC, DITA COS pL + 
AAS LO IAA DiS Ce A a 
PHELTS, OX ICM uy W 


A SEAT RU 6 EAR 
BREROKRICS, AR 
{22 @ transaminase }RMEADMATSCLBELH 
1S. 

(4) KETV Is LOWET UIT G ENS RARER 

aie 

TE OTR eb OIC BATEIC & bie 5b BARBERS 
HOBLICOWCHHL, H2MCAPT MRR ZX 
fo. EPHETVIZOWCASL, TEATRO UBIC 
PE 7c Ua Tee RBS SRO BSR DIsc 0, BACEREIT 
RMMMAbKKE. TOCLI, Howlett!) xi Z, 
CITOW TC, FEFOR SD b EME PORFIE CO 
Bese ee WWE LTE ERITH LTB IT IL BRO 
BRUADRKELRMELTWIS. RMIT BI SE 
BAD T 2 /PRGROWME LAE > TC, MLO MRL 
DAYAR OT CEM AIC HEL CX RERD, A 
FESS OM CRS 1, TEMOHPK, SGSICILIE 
FEF OW WEES SOLER ONS, O¥ICF 
B MICOWCASL, CHOEWMRAOABICEE 
7c\>, RARER Silt d>% > CHIT UR F S. 
COS EBATEIMIT IEG AT = 7 RGSS So 
PRET SL, HABER, FRACHB 
WRBROW & te DIEM ORE, MRICAV HSS 
tMBLZzbnN4, 


= #9) 
(1) Sucrose agar sith L- CISD PRMEe Zea 


Bot. Mag. Tokyo 


Vol. 73 


10 6 4 6A 3 7 14 
a Ay Bt, Sey @ a a 
ut iw i BA tk 


S28 BAEMKICPI SHES, BLOWS AORABERAE 
e—e #&, @--@ $5, O---O & 


Mays L. OE esis, Hic 4e7 2 7 ews 
Zr&LicL), WHFAVSCUSAL<(HESHS. SF 
bic YMA O 2MO7 i /ReBS MLE 
eh Cit, FEE SIT SUSL< (EHSAN. 

(2) TEMOMHFRILUET SMMO 7 2 7 Md, 
¥ERIEMOMREMASHS. TOTLI, CHS 
7 i JBOMRMIT £ YO, EMA MAK AA ED, 
OV CIATED FFE (EUHET SLOL SL SNS. 

(3) EOL wHAX LOT i 7 Mid, BATE 
“M4 Ate. LBATEROMEST Y, TE OOICHED VIC A 
WICSRTS. DOC OL MBOT s 7 Meld, 
HESV>, PLOMEPV IIL CRASH, Las 
b, TEFTURMORIOMITCATH, COLIRMT 7 
MOMBICILBIEMASHT, KKBNARMADS 
TLRHED Die. 

(4) Zea Mays L. OE} AIC transaminase 
GHObSCLeHMLK. 
aspartic acid js kU glutamic acid & alanine & 
MfEO transaminase OFRA Ab WS Chok. 


glutamic acid & 


ADPFEIZRV UT, WAWA & APR PERE 
fey ACHETER AD JERS O MARAT 
S. ERKRMICAW UT, RORRAALA MH 
SE APP KOR ARR Pee te. at 
LORS HRERDT. 
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Summary 


1. The pollen grain of Zea Mays L. germinates poorly on sucrose agar medium. By 
the addition of some kinds of amino acids to the culture medium either independently or by 
mixing with favourable combinations, however, the pollen germination was much enhanced. 

2. Addition of the amino acids which accelerated the pollen germination caused the 
increase of the pollen respiration as compared with that of the control. 

3. The amino acids which increased the germination and the respiration of the pollen 
grain, were found to be common to both the pollen grain and the pistil of this plant. 

4. Enzyme transaminase was ascertained to be present in the pollen grain. In particular, 
the transamination reactions between glutamic acid and aspartic acid, and between glutamic 
acid and alanine were found to be active. 

5. The amino acid content in the male and female flowers increased gradually as the 
flower bud matured. The maximum content was observed immediately after the time of 
anther dehiscence and thereafter the content decreased gradually. 


Micrococcus glutamicus OANA OtIt 
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Shiro ITAGAKI*: Cytological Studies on Micrococcus glutamicus. 
Part III. On the Relationship between the Polar Granules 
and Phosphate Content, and Oxidative Activity of the 
Polar Granule on Several Organic Acids. 
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Micrococcus glutamicus DFR MYERIT OV 
THAT CILONK!12), LOR, HOWREHEOS 
LCi, BEE WAM ICBR Sh, Lat, 
=O, Vyp'>4 metachromasy *# LHL, 
PAAR ELE LOCHAD CLR LT. 

FCUCTOLD AARC OV CILHS < 
DRAMICOV CHS HNCS., & < ICH HREOL 
Lt, Corynebacterium diphtheriae (COT, 
Ernst’), Neisser*) ts k US Babes*) 5 7344. <¢ 2» bid 
HTS, EoOfhiz% Meyer®)(x Yeast hic 4A 
Rise ALDRe. TOL} Terk, meta- 
chromasy #757 0 &Z 6, metachromatic gran- 
ule (DXF m. granule) & ki2#C\V.S28 Babes- 
Ernst granule, volutingranule 77;¥ EL Lvsbh 
5. 40D, Aspergillus’), Mycobacterium’), 
Aerobacter®), Cloaca cloacae), Salmonella pa- 
ratyphi B1!)3s kU Micrococcus lysodeikticus 7 
LRILUD, BS OMIOUTHMSBNS £ 57 
sic. FEL EAEO Corynebacterium, Brevibac- 
terium ts LOS Micrococcus te ¥ (CSV. T FB T 
WS. COPMRLOARICOVY TIE, HKUW Piekar- 
skil?)> Knaysi ts k U0! Mudd!8) (i, a SvtaH% 
WULBA, ¥re Mudd'4)it +7 mitochondria G 
HSLERLE. 


Lill 


* ih Fl BE TSA «=| Tokyo 
Research Laboratory, The Kyowa Fermentation 
Industry Co, Ltd., Tokyo, Japan, 


—i, TOM, MRS Ic KS phosphate 
granule }—%{L), ErcHGERHIC L a CARR 
BOY ) VREE BR ORRALARReAT Co 
LZ Wiame, Lefebvre'®17) $s k US Mudd!s,1%) 5 
Cio THbwicShk. SSICEFRRRMVNITS 
f—Pitkic DVT electron dense granule & meta- 
chromatic granule ZAI—-N KO CHST EPMA 
BAS ITV B21), 

Z~DOLITBHRBS UT, SACI metachro- 
matic granule ji, 4%) ) vie HEMT LETSCE 
id, REALHRL Vo TLV CHA 5. 

DEOTL SAMS L, M. glutamicus O 
BRIT BIS SRO CL SMALL YD, AORN 
LEY) VERA CHAS EMRANS. RH 
DPD, COLATAMEO RY) VD VARA, —fRUods7eS 
APRWER LOLOCHSA, LEWITEITOW 
Chk, AETCAICMAI eo TVS ELV VE 
OD, FAK 1 Ms LOM 2Micmgce<, 
Y VAR RERA cA DAROM Re LO LTS. 

tiebb, BWikAC, ATP, ADP, polyphos- 
phate 4s kU orthophosphate (i, #4 MplT HY , 
energy-supplying reaction (Ck5T, ortho-P 
yz, ADP Lf64LUT ATP Lich, itic energy- 
requiring reaction CLT O KN OLOA~ FER 
WETS. 

=O 5 poly-P tk ADP (CLO) VRB 
srkickotT energy PtP iL 7ed, RNA HY 
OY VIR LS. 

a<COM<, ) YROMAANICHISRRASD 
wTASWCLE LY, KM. glutamicus (c3sv TC, 
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energy-supplying reaction 
ortho P primer 
+ ATP = polyphosphate + ADP 
ADP polyphospho- 
| | kinase polyphosphatase 
ortho P 
energy-requiring reaction 
CRNA synthesis, protein synthesis, cell division etc.) 
1M BAAD Y VRE RERA GE H)) 
RNA synthesis Ca Poly P accumulation m. granule DIG BULAN 27 Te HER Ts ie, #5. 


protein synthesis 
cell growth véia 


cell rian 
cell division 


S22 BAOARL RY) yROME GH)) 


mate 
> 


DNA synthesis 


m. granule D3%§HL KY) ) vy RBROM, m. 
granule VhOMAL, LEOSSZRKALOY VB 
EOI, LOO enzymatic activity +o 
PAAeIERT 6 BA CRRE Cfrok. 


RR ta R 


ti FARAEE Micrococcus glutamicus 541 
1. Metachromatic granule #ZKiZHORE 

AracHehic ds C Hz ic m. granule 03% 
PRADA, SSICHBLMSSL, BAAIER 
L, ARTE RES BT SHC —HELUCHAL, 
wth, MMIC hic<weS. TOW T 
m. granule HPZoOM—AL UCHAIZ ZO mM. 
granule UMA SMRAERELE FEL 
hee 

RA 

Leb ILA HEFEO Fe Ic glucose bouillon, AHH 
Cds 1 HY) ITA Le AB EARL Le. 

eeu pes, Hipitt, PH ERM ABA, Wise 
EMENIT AZ Lm. granule PROAMSILX ke 
ay laiey 

ee 

KEM 7ST BMS SDS, HIT A BG BG HC 1S 


ReeIC LIE LY. Las, KHPO, Bro 
K,HPQ, #3sO%O 0.5~1.0 CEI IMIML 
RYE, WEI, ILANERRIBRER RL, & 
AONE 7D, WEHEIS EDGR E SIT GD 23 
5, m. granule OFZRILVME CHS. 

—FZ M. glutamicus 534 (Z3sv.Tlk, glu- 
cose bouillon Cli PERDO Fk < m. granule 
OPP BULLI E tr Cd > Few, 541 HCH 
ils Chae O Ree mM. 
granule ~R*2e LOFT. LeL, CNIS Sle 
KH,PO, 3s EO KgHPO. & F# 0.25 FP OVI S 
CLICK OPM OSUCSOUL<S KEY BRL 
DPbMic OKX7e m. granule BMF S. HEOr 
tkDO, Y VaMRon eee P-GPM Feih (DNL 
Te Vv» B4h Z GPM (glucose, peptone, meat-ext. 
Om) Hho MTS)] LMM L, KRORRITAYYS 
C& lew 
2, BAO!) -RB(cOWT 

GPM ts kU P-GPM Sehhic Sage Lic HAA Y 
VICE WO mete Ee LILI Lic. COR, 
P-GPM sth Chae Lv m. granule FY pe py fic tx 
acid insoluble polyphosphate #9E HITZ ED 
DPok.. 

SK UR TK 

GPM 3sk0* P-GPM S%tthic 2 AiR] 28° (cdisge 
Lic M. glutamicus 541 OPAtKe ILE L, 
APB PEM KIC CT 3 IVER Y VERA i Ee 
wiscirote. MARI Mudd, Yoshida ts kU 
Koike!) MFITME UC. BH3M IC COKER 
Lic. ARBEY VIRIXRE), FORO Y v MR Ix 
Allen #224), DNA-P {X diphenylamine®) Jxjg, 
RNA-P {X Orcinol®) WIhIC k Own Lic. ERE 


organization before 


glucose bouillon 


260 Bot. Mag. Tokyo Vol. 73 


Washed cells 


—Total P 
—Total N 

8%TCA HHH, 0° ic tH RFO3 
| 


| 
Ext. Res. 
| | ; 
| 70%EtOH (eC IRAHHH, ORES 2 1A 
Total Nene) | 
(acia sol-P}\ 4;-P | 
Ba-acetate (Lipid-P) ae: 
ge BHA? EtOH-Ether (3:1) 50° ict 
LL, 1RYS REIS OPH 3 
#, au | 
| 
ppt (Lipid-P) | 
x Res. 
IKE | 
ppt EtOH ary 7kiZ CT susp. 
susp. 
(eee sol. poly ss) 
Ba-salt 
eae : | 37T46 
| 
5 %TCA 95° (zc IN-PCA (z'T 5.3% DCA 955i. 
5 ate ph Sige Ese gies 2 Al 
Ext. Ext. Ext. 
| | | 
Ba-acetate (¢-C pH 4.0 __ Ba-acetate (ct pH 4.0 (DNA-P) 
aad Pea wa, Sls get Te, 
ppt. sup. 
) 
| AGE (RNA-P) 
ie 
(3He insol. rer) 
Ba-salt 


S38 9) VY RBIA HOME E 
Bl VVRROWR (Ros, +c N1lmg fics 
ENS) VB(LeMO Ee PO 7 KCK) 
x4 eB Ww we P Be. Ay Fay HP 
: ae ee acid labile P |YVe FP 
keph E . Ay} P 
‘ YP LDU 


J 
56 Tiethe 2hadae beh LS. 2 17.4 0.6 
40.6 22.0 96.8 13.0 18.2 


GPM 320.0 | 19.4 trace 
P-GPM 251.7 | 15.0 trace | 


ROD A LM EBA NIT kote. CEE Le AA ICKE RBA SHV, 
fi | R (&#lt acid insoluble poly-P 23 FE Aiyic BV 
ENERO FALE EIT OUCH bMUDFED (HM 30 HF) CLBMBGHNE. ChED LTC m. 

BYE IMA RE CHBER Fis o HERE 1 granule A4EKEA YY VARA AMA LTS LOCH 

alr. ChIZkSz acid insoluble poly-P # 45r EDHEESHS, 

BRuie4$ ) vit, GPM 3s kU P-GPM 4 8ehb 
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3. REREAD Het i. 
GPM 3s kU P-GPM CHR LEAMIAMICLO ff : m. granule 
BEM IGEICERASLNSA, D*D m. gran- 
ule DAH {bic kSTBEE MS ACR 3 f 
MO AMES FV CRAY Fie Ke. : ; 8 
FTE i D 5 
iege: GPM Hethic-c 24 WSS Lica eee ‘ Ht 
l0%OFIGC, GPM ts kU P-GPM #¢hhic HEAL é eS Me 
(ZHEN 21 OFF A= 500 ml OKHhe Sty) 2 ‘eo aes = 
28° ic CHRMAEL, RRA Wic pH, MIKES WE 1 6 f+ 
L methylene blue 4% f{27lc E 9 m. granule : = : : 2 
DMB Areok. Hee BB 


T-VITNM PRE: REANIC KS & DA 
PER HEKIC CT SIBEWE L tris buffer (pH 7.0) Iz 
Cc 70~100 mg/ml DPS ee HHL, 28° Iz 
starvation #ff7r\>, & tris buffer jz c 20 
mg/ml OMWE Lk. 

SF RIE Na-salt DICH, 
MOYES xX 5 PAM Lee. 

J-FUPRBINELOEO L ICM L. 


Wy 


100 »M/ml 


Main: 3£% (100 »M/ml) 1.0 ml 
M/15 Sodium phosphate buffer 
(pH 7.0) 1.0 ml 
M/15 KCl 1.0 
tris buffer (pH 7.0) tli) 
deionized water 0.3 
Center well: 20%KOH 0.2 
Side arm: cell susp. (20 mg/ml) 0.5 
i OR 


pH, Mla4+Ris kU m. granule om: (4 2 
#) WLO (H4M) iCWSaAmCL << P-GPM GC 
ERA EPIL SAS m. granule Opt GPM 
LO BUCHS. P-GPM [eis CHRMwBLSE 
tit, PIMwBILOM2NKLYOWSwAReEL<, Y 


222 PARE, 


Ao 4(] patket, pH, metachromatic granule 
D BSH 
1, 25 fo oe4e DH, Se6sum. granule 


—— GPM ith, —e— Hiheamy. 


VIBES mICHET Sie, FH MIL energy- 
supplying reaction DAN < 7d, Mia By 
(energy-requiring reaction) 23-C-©k < #WSh 
BicD LAR CS S. 

A RSRTALAEIZ OVC: FES AMRAOAD 
BA SIBIE (RE IRL C Qon fhE LCH 3 iz 
ACTS 

CHUCK SER LV ATES <<, HI ag 
SIAMICHSEWREG. COMOMMRYS bIcH 
MictZrewoIcH5R, ABLO BRR. B 
HIF HS & 

He GOR < PRE IT SILA ----Acetate, Lactate 

rae he.---Pyruvate 

9g» O----L-Malate, Succinate, Fumarate. 


Formate, Citrate 
# fe GPM, P-GPM iz 3s > CHEAHY 7 ESSE 
DEL FD bev». 


pH, metachromatic granule BHO Hie 


Incub. P-GPM GPM 
Day eae pH m. granule co pH m. granule 
1 2S 6.9 +h 4.2 6.8 +f 
2, 4.8 6.8 thet 6.6 6.8 sip 2 
3 Ase 6.8 tt +E 6.6 6.2 ces 
4 3.9 6.8 tHtt Sah 6.2 thse 
5 Ded. 6.8 th Aad 6.0 tht 
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8535 EAHY Qoe (OBIE (A, 
10mg, 2 RRMA & D Hee) 


‘incub. 
Substrate day 1 2 3 4 
# med. | 
i 1-|GPM | M45 8.5 6.2 3.3 
1g 
umarare | pepo | 12907 8.1. 11:3 
Mate | CPM | 17.0 5.7 41 13 
eT PIGPM 8.8 ee A 4029 
q we | GPM _ 25.5 27.2 25.0 
yruvate | b:GPM| 24.5 24.0 22.5 21.7 
aves GPM | 30.0 49.0 39.0 38.5 
actate 1P.GPM) 44:5 35.5 32.5 35:0 
rormate | CPM | 12:7 10.7 8.5 4.7 
rma 
Sabin | PsGPM4 .10s7-+ 9.728.768 1.5 
RR Soe en eae 
cinate 
P.GPM| 13.3 10.7 5.9 1.2 
ae GPM ese ot PP BOF 
1tra 
© > A piGpe [ee gen pay tinar-epren 
GPM.| 40g" 35.5.. — a7? 
Acetate 
P.GPM| 53.2 46.0 34.5 35°2 


4 day 
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1. Metachromatic granule #2KIEHORE 

M. glutamicus 534 (i, glucose bouillon 4H) 
CikiEAL m. granule &/M2F, biotin wy 
tn L7c AS eeeeHble so Vs CT OABSTRMITS. LA 
4, CO m. granule (LHBOMMICOA wD 6 
hh, HADIEK, CRT SICON THY 6 trig C7L4S 
HLT CiRCA, M. glutamicus BRO 5 
4, ABR HE Le 541 HidseS m. granule x7 
BOLAive<, ABC, BEA LBMLEV NE 
bADbbT, glucose bouillon ric Me HY v MR 
RYMLEL CA, HWO LIF HHO TRV HAR 
wt, Speke Cii7e < glucose bouillon Ck 
<FERMITS LEVI CEORBICOv CLA Chev» 
2D, CRHOLBOMMCHh), COLIERICO 
VCS bit Lich. 
2. BAO) -REICOWT 

M1#icmLE KIM, m. granule <ZKay 
SRAtKts, acid insol. poly-P 24 HictFHEF 3. 
=MOrekts, m. granule ji, +7 +) VB, EB 
SICA LEERY VY YRLOGSTCLR LATS. 

HAAO AY D viet, RAO YD VBA b XS 


4 day 


AOR] AR A{LAEOREA WBE: Qos fifiic k SR. 


A: GPM Sih arith 


B: P-GPM stb a iitk 


1, fumarate 2, L-malate 3, pyruvate 4, lactate 
5, formate 6, succinate 7, citrate 8. acetate 


June 1960 


WIOC BHSCLIL P2 AHR RIc LO 
HOt SNCS), ARRICRLELII, VY 
Pav masbic sus Ck < m. granule #IKRL, L 
MLEOL AHIR, WSUSLSC, HV 
VBRBRSNTOSOLE LOULTL, AHO m. 
granule 4) VRP CH SC LIMB eb e 
DChHA 5. 

3. APRRRE(LREIC OUT 

HOA Le LIC AAO YD VBL bo, 
DARE + (ONT IF MICE RAR So CHOSZELO 
ChS. LeEMoaT, ©O) VRREMLEBATC 
ILSRWAWAOMRIBMICEMCE TK SZ4OL 
FUSHS. COC, h*ORMBLEBL UT, 
CHHOABBLIBIET SAIC SUS LY BEE 
PT ODE MARSA CA. Lael, eRe 3 
RIslLOPS RMICRLKEEICKKRPERRALDHD 
SrkUCE Rok. SOAARNeMZLEA 
Ve COSMAS SHREAOL CH), THOATIA 
VAAT SOUP CHS, PAABM ECS 
YY vEBIZ, Dies &% TCA cycle iex LTH, 
KEV PBBEEZTWLOLER HHS. 

AIK Lactate, Acetate icx}tH ME(LAE DS HIT 
RVs, Lactate ME{LAEIC OV TAS L, GPM 35 
FEAR CL, 2 A ADMIT < Th, EOBCHHB 
ESITKL, P-GPM Hae Cid 1 A ADS aR 


x 


1) #QEEOBEG - AP OLEB, HAHE 72:52 (1959). 2) 
4) Neisser, A., ibid. 4: 165 (1888). 5) 


Z. Hyg. 4:24 (1888). 
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<, DRBESM, 4HBIC KER PCM tS 
(Acetate MR(LAE% RR 7c thi It ab BS) DSS. 
4 OUhicRI LCI EA ERK TVS. 


Es #) 


1. M. glutamicus (ct 35\.-C, metachromatic 
granule FMA DSH Ihe RA L, 
bouillon jc, KH,PO, Js EUS KeHPO, # YIU 
P-GPM the wee Lire. 

2, P-GPM Siihic Cheah, WbUSEL< 
m. granule #J% i% L ve fA tk, acid insoluble 
polyphosphate #2 MIC Gtr. TOGHAKM HS 
glucose bouillon Fiithic CH##ANRAAO GEO 
AJ 30 FRITHIOLS. 

3. M. glutamicus (i, Acetate, Lactate 44% 
<PRIETS. COL} eA REM EAEIL metachro- 
matic granule Z°7F7EF SABA IL MM KC H 
B. 

AT PSP ERE IL Fe IK > CHL S (ANT dS. 


glucose 


fi 2 AME RARER, OBO 
DLMBREW EC RAWRUSE BEIT < 
Nise, PRPAMGIEME CIC VERS 5. 


ik 
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medium contained considerable amounts of acid-insoluble polyphosphate. 
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1. Micrococcus glutamicus strain 541 formed many metachromatic granules when it 
grew in glucose-bouillon medium with KH,PO, and K,HPO, (P-GPM medium). , 
2. Cells which formed many metachromatic granules during their growth in P-GPM 


The content of 


such polyphosphate in the above mentioned cells was about 30 times higher than that of the 
cells which grew in glucose-bouillon medium without KH,PO, and K,HPO, (GPM medium). 
3. Oxidation of several organic acids by M. glutamicus was studied. 

Among these organic acids, acetate and lactate were strongly oxidized by the organism. 
It seems that there is no relation between the oxidation activity on these organic acids and 
the existence of metachromatic granules in the cells. 

The oxidation activity of M. glutamicus on these organic acids decreased gradually 
after the first day of the culture. 
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Teich 18 4, BL ASOMRLOS Di, ¥KS 
8H 15 ACS. Milt AAS ERLE AD 
CITT BE CITED CRAY, AR OMRISET 
FeRBIMLTCK RAY tek, RAE UCRIECI 
MELRATIET SC LIUECH EVA, 
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WIFE Si + pes Beck ** + ay aG** - KO HS 


S. YAMADA, T. TAKANO, G. Suzushino, and K. Hayashi: 


Plant 


Pigment, X. Rutin as a Flavonoid Component in 
the Perianth of Forsythia koreana. 


1959 42 10 A 14 Hatt 


FaVavvy+ a ¥ Forsythia koreana Nakai 
(Vv ¥a YR) bOI CRAM ANTS 
MA AOUKAC, @ Hicstexro CHEL, He 
DINEL PRE HD CARESS. COPE, He 
(CBSE CHR ER ET AM—D7F RVKMRS*E 
MCiIO, MAOMRAHIdUS v Rutin (Querce- 
tin 3-rhamnoglucoside) {AJR AK. KKL, 
EOTOMAILA PHA FERITLSELOM), 
WF YVLRO ER Chievo. 

&Xxiz, R. Kuhn 6!) % kU Moewus?) (t 
Forsythia intermedia © 2% fi var. spectabilis 
ts LU var. densiflora DO{EA>5FEHEH Rutin 
& Quercitrin LXAHEL, THE OMMO RRA 
FIGVED BALE D 7 FR 7 — URC HERS EO 
RESET HE 41S BORER MEER OD ZERIT dy DS & Heat 
Lt, 4AOMAS Wk. CHEMBAELT, 
Forsythia J&R AROEITOWCHhIFRIA FO 
HABA RbNCW 4. ticbb, F. fortuner), 
F’. europaea), F. intermedia), F’. ovata‘), F. 
suspensa®»+) OfECik Rutin OAD, Ke F. 
viridissima’) O7*E Clk Rutin M/F (cz Quercitol- 
rhamnoglucoside D/F-7E DRG S&H. LRRo 
ClhRODFaVevvyFa IV OfEizh Rutin Oo 
EMSS LAUT HES Fevods, CHIZOU TIE 
HPC MANTRAS Ob, bhbrORRGRE 
—ISRETS TLL. 

Teds, klazi-fe Kuhn, Moewus 5 ofalZo 
WClt, oe K. Esser u. J. Straub (1954)é) 


* Botanical Institute, Faculty of Science, To- 
kyo University of Education, Otsuka, Tokyo, 
Japan. RRAAAF HSM DFAS 

** Research Institute for Natural Resources, 
Shinjuku, Tokyo, Japan. Aime AOA 


BRRICAREORV CL we L, WUC H. 
Reznik (1957)") j Moewus BOREL 4 < 
F—OPR* 2A CRBICIBRA LEBER, HBO 2 
HONMAEWO EM CET FBI 1A FRAT 
Die <, v»F4.% Rutin, Kaempferol 3-glucoside 
#3 EU Chlorogenic acid DS#eEHATLRARL 
C, 4MO imc Rit Lic. SbICTORO O, 
Renner (1958)8) Oamaxtle ko Ch7FRIA FE 
ABET KE & OPC IL BED Tec & DS GH Hd SX a 
Res 


RO BB 


Rutin (Quercetin-3-rhamnoglucoside): ‘ff 
MBA RV Te PIRETE 52g % 90% =x 7 —/ 200 
ml “Citi PIC 1 RR, FEPRUGL, FeBee 
Bic 2HARICZ L CH RHMPA Re Abe, WH 
FRM LC 2m LL, BES RPTOOAM=— 
FAS LON v EY CMU Hee LILO 7K IS & DUE. 
SHE, VRUS HAD BOR E feo CHIT S. 
I, 0.25g, IVR 0.48%, CHeB= aR? —Nd» 
bE KES S. Mp. 191~200°, FeCl; “Cigar ts, 
Mg-HCl cérf@. n-BuOH/AcOH/H.,O (4: 1: 5) 
t LU 25% AcOH IZESBN-—A-FRVEFFA 
Clk, heh RE 0.40; 0.67 (Rutin Cit tne 
he Rf 0.41; 0.69), 7A SAY) (M/10 Bw (PH 
9.4), 400~500V, 12mA/cm, RFRA No. 50) 
Cyd 2 EGE (c BB RR IN 46mm (Rutin “Gx 45 
mm) 72K S. TRAST: KP C 48.72, 

* Heidelberg AZOMMRIT HSN CW SS 
OG, Esser u. Straub LO OHITOW CHRL 
et RANT <TR OKA 1 
(E08 e 
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% . BuOH/ BuOH /Pyridine/ Anisidine 

H 5.23%. Co7Hg0O016-3H20 & L BuQH ee NeCL Be Cee 
CHoz}Bik C 48.79, H 5.46% (4:1:5) (1:1: 2) fa, 

make: ac Az 148.1 A) HRY A a 0.80 0.94 TRS 
mg % 3% H.SO, 10ml rp Cit ERM lie KK oy 0.90 0.86 iit 

he ee . Ft VY 0.81 0.95 YR 

KC 30 FHRUL, BRT TY xt OE tooo é oh tat aie 
a2 YOM MRP So. Hoke 
BEC 75.5 mg. Co7H390¢ > CysH 907 AZ LtoHe moby Pe DSH Ic PRL AAS. (ERB IR) 


fifi 49.51%; Bey 50.98%. A= a7 —-- LOG 
fi, Shh, Mp > 300°, 2 2 7 — 7 ¥eykis 
FeCl, Cirs@eta, Mg-HCl Cis al fae tS. n- 
BuOH/AcOH/H,O (4:1:5) (CkL4<~—7%-7R 
+~hZFFATCIX RE 0.76 (Quercetin yk Rf 0.77), 
TRAM: KU C 53.30, H 4.23%, CisHi007- 
2H.0 £ LCoRtRiiah C 53.26, H4.17%. 

Quercetin pentaacetate: kitO7 7) av 50 
mg %4e7kHERR 2ml, VY y ZL & EIT Ppl 
WkIc 1 MAB AIC, Ewe Bk= 2 
J 72s HE. AGES (fits 34.6 mg), 
Mp. 193~4°, Quercetin pentaacetate & {RAL 
% RR PF U7. 

WVBR: FAV avOvypme KOH £ebiz 
220~230° C 10 AHIMA L, Hetbemkic del 
eM UC =F CH, =-7 7 ReEY 
Ik CHR C, KERR RIB Re 7 = 7-7 
KAPLAN S. BLOM RICGIET, 
PUY YORE. FEAT TRA - 7 
BY bhFIV7HACIL, FeeAFrvvyBLOT 
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1) Kuhn, R., und Low, I., Chem. Ber. 83: 474 (1949). 
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(1947). 


Zbl. 73: 449 (1954). 7) 
b: 339 (1958). 


SHO ZEW: Lalo Duka RRR BM LC 
Wye, LO Me Lo MRC LT Phenyl- 
osazone %#2< 4. MUMSNET S LBS 
hoes REDE CHOSPb, B7eEYT 
WYA LAND LIC, CHEN A? —D 
we S. Biwi Mp. 190~191° ~c L-Rhamno- 
osazone, (##4ti Mp. 207~9° ~G D-Glucosazone & 
AE Strie. 

fets, PRKORMIILAZ Chill, Aza? —% 
CHL, thicowCXR-A-7 awh FI7e 
fiicr> Ct D-Glucose & L-Rhamnose & #fiifead 
Lge: 


Aniline 

Rf* Resorcinol hydrogen 

IC kSif& phthalate 

Kieaeé 
0.20 8 
remikomys (04, ay oe 
seh np -Glucose 0.21 #8 8 
L-Rhamnose 0.40 #8 yaa 


* m-BuOH/AcOH/H,O (4:1: 5) “CiBES 


ak 
2) Moewus, F., Biol. Zbl. 69: 181 


3) Nagahski, J., Porter, W.L., and Couch, J.F., Journ. Amer. Chem. Soc. 69: 572 
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Short Communication 


Michio Iro*: Complete Regeneration from Single Isolated Cells 
of Fern Gametophyte. 


GYURIEA*: = BER tute y 2 AC PR AN © FE 


Received May 19, 1960 


Although it has been for long reported that single cells isolated from plant tissue 
were able to grow to somewhat organized tissue, there are as yet, so far as the writer 
knows, only two references!.?) to the complete regeneration to whole plant from single 
isolated cells, except for some coenocytic lower plants. However, such a case reported 
by Meyer') in the fern gametophyte was merely a spontaneous accidental one. Where- 
as, the present writer has succeeded to bring about voluntarily the mature gametophyte 
from the optional single isolated cell of fern gametophytes in any developmental 
stages by an operative method (a part of results was read at the Annual Meetings 
in 1956 and 1958 of the Botanical Society of Japan). 

As materials, gametophytes of Pteris vittata, Dryopteris erythrosora and others 
were used. Here the principal results, exclusively in Pteris vittata, will be reported. 
Single cells were isolated from the protonema portion and monocell-layered portion 
of prothallium, where the cells are over 304 in length, but not from the meristematic 
region in which the cell length is very short (under 30). Isolation was carried out 
by killing the surroundings of a given cell, namely by pricking them with a fine 
glass needle by free hand under a binocular microscope. Culture conditions: on 
agar-Knop’s medium, under a white fluorescent lamp, at 26-27°. 

Every single isolated cell regenerates and grows to a mature gametophyte, as- 
suming the same pattern as in the normal development from spores; but the protonema 
portion of regenerated gametophytes is shorter and consists of smaller cells than the 
normal. Time lapse required for beginning of regeneration is closely related to how 
old the concerned portion is and how advanced in development the concerned gameto- 
phyte is: 1) In gametophytes of a definite stage of development, single cells isolated 
from the older portion regenerate earlier than those from the younger. In mature 
stage the oldest portion is the protonema, the youngest is the meristematic region; 
while the older portion had ceased to proliferate, those of the younger do continue 
it more intensely. Thus, it was demonstrated that there is an apparent gradient 
from the portion near meristematic region to the protonema, i.e. from apical to basal, 
as to the time for beginning of regeneration. 2) On the other hand, cells isolated 
from a given portion of gametophytes in younger stage regenerate earlier than those 
from the same portion of other gametophytes in older stage. 

Further, it was found that even a single isolated cell is able to bear the antheri- 
dium, when it is cultured in “old” medium which contains the so-called antheridium 
promoting factor (or substance) detected by Dé6pp’). 
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Studies on the Dehydration Resistance of Higher Plants III 
Discussions on General Analysis Focussed on the 
Dehydration Resistance of Pine Yearlings 


by Tadayoshi TAZAKI* 
Received December 11, 1959 


In previous papers'”) the dehydration resistance of higher plants was analysed by 
some mathematical formulae. The analysis was divided into two parts, general and 
special. In the present paper some discussions on general analysis were undertaken 
at first on the dehydration resistance of pine yearlings and then on their place among 
other higher plants. Before entering the main subject the results of the previous 
paper”) will be summarised. Thus, in general analysis three solutions of the equation 
of water economy were led for determining dehydration resistance (¢). In all cases 
graphical solution of equation (12)** for ¢ gives the value of ¢, and when inequality 
(13)** is fulfilled, 

_1/6000D A seek 

t=<( ds 7) © 
where A and C are, respectively, the initial stomatal transpiration and the final 
transpiration in mg./g. dry weight/hr./10mm.Hg, k the tendency of transpiration 
decrease, D the lethal deficit in percentage of oven dry weight, and d the atmos- 
pheric saturation deficit in mm.Hg. Lastly in highly resistant cases the second 
term of equation (1), A/k, can be omitted and # is expressed as equation (15)**. 


1. Discussions on the dehydration resistance of pine yearlings 


An empirical formula, 
f=Ae "PC, (2) 

can be applied to the time-transpiration curves of pine yearlings (Fig. 1-A). The 
values of A greatly differed by the hour of detaching shoots, the largest in the 
morning, decreased with time and again increased somewhat in the afternoon (see 
also Fig. 19 in another paper*)), while the values of C were rather constant. The 
values of k in these samples, 0.0576-0.1204, must be examined in relation to other 
measures, because the applicability of equation (1) has much bearing on them. From 
equation (2), 


ul A 
. 2a 3} ] 3 
P= 9 93431 08 T-C (8) 


The amount, (7-C)/A, is the stomatal transpiration relative to the initial value. 
From equation (3) it is clear that the larger the relative stomatal transpiration at 
definite time (¢), the smaller the value of k, and that the latter is not directly depend- 
ent upon the absolute values of A, C and T but upon the relative ones. For the 
direct comparison of time-transpiration curves it will be useful to utilize the linear 
relationship between ¢ and the logarithm of the relative stomatal transpiration, 
illustrating the relationship in semi-logarithmic scale, from which k can easily be 
obtained (Fig. 1-B). 

* Faculty of Technology, Tokyo University of Agriculture and Technology, Koganei, 
Tokyo, Japan. 

** Nos. of equations and an inequality in the previous paper’). 

*** Equation (13) in the previous paper’). 
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Fig. 1. A. Application of the formula, T=Ae-*t--C, 
to the variation of transpiration amount after detaching 
shoot of pine yearlings measured on July 6, 1950. The 
values of A, C and k were shown in Table 1. 
B. The relation between t and (7-C)/A by different 
values of k& for the curves in A. 


For the calculation of dehydration resistance it will be fortunate if we can use 
the simple formula of equation (1) instead of troublesome graphical solution, with 
fulfilment of the inequality. In Fig. 2 is shown the A-% relationship for considerable 
numbers of summer and winter experiments. The values of k were between 0.05 
and 0.12 with a few exceptions, centring in most cases around 0.08. No significant 
tendency was observed in the relation between k and A, except that abnormally 
small k appeared when A was small. The applicability of equation (1) was examined 
by putting the values of C, d and D into the inequality, being 20, 10 and 240 respec- 
tively. Equation (1) can be applicable to the area on the right of the curve in Fig. 2, which 
could cover all points including those with small k at left-lower corner of the figure. 

Now, we are in a position to calculate dehydration resistance (€) by equation (1). 
Table 1 shows the value of € calculated from the time-transpiration relationships in 
Fig. 1. They were between 3.9 and 6.4 days when d and D were as before — 
D=350—110=240 (Fig. 23 in another paper*).—In the last line of the table were shown 
the values of # computed by the simpler equation (15)** of the pine yearlings. They 
were larger than those calculated from equation (1), the difference being between 


0.2-1.5 days. So, it may be concluded that equation (1) is preferable in the most 
cases. 
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Fig. 2. The relation between A and k with ons 998 ou? 
possible application of equation (1) to the Value of & 
dehydration resistance of pine yearlings. In Fig. 3. Dehydration resistance 
the area on the right of the curve, equation (€) of pine yearlings as influenced 
(1) is applicable. by A and k when C, D and d are 
@...... summer experiment, 20, 240 and 10 respectively. 
(Qissaeee winter experiment. 


From Table 1 it may be observed that the value of @ varied in accordance with 
the values of A, C and k. On the basis of equation (1) the influences of A and k 
were examined by varying these two measures with constant C (=20), D (=240) 
end d (=10). In Fig. 3 is illustrated the k-¢ relationships when A was between 
2400 and 100. From equation (1) it is clear that the ¢ values in each curve approach 
to 6000/Cd or 120 hrs. with infinite increase of k. At every value of A, dehydration 
resistance (£) decreases as k becomes smaller, the remarkable decrease of ¢ at larger 
values of A being worthy of notice. It must be remembered, however, that the 
curves outside the enclosed area in Fig. 3 never realized from A-k relationship as 
shown in Fig. 2. Taking this limitation into account the dehydration resistance 
under given condition will be between 120 and 92hrs. and the variation range was 
comparatively small, in other words, the influence of A and & on the dehydration 
resistance was much smaller as was expected. The influences of C, D and d, 
however, are much striking, as these measures directly decide the value of the first 
term in the right side of equation (1). Therefore, the dehydration resistance of the 
pine yearlings is less controlled by A and k, and much by C, D and d. Moreover, 
under a given humidity condition (d) the fluctuation of D was much smaller than 
that of C, whose range was between 4 and 30mg./g. dry weight/10mm.Hg/hr. So, 


Table 1. Calculated dehydration resistance of pine yearlings (€) by the time-transpiration 
curves of Fig. 1, under a saturation deficit of 10mm. Hg. 


Time at detaching é b bs d © 
ea) 8.30 9.30 10.30 11.30 12.30 
A 1780 2385 1185 785 480 
C 20 iS 15 15 20 
k .0576 .0767 . 0866 .1204 .0767 
& by equation (1), hrs. 94.3 125.0 145.0 153.0 115.0 
t by eq. (15)**, hrs. 120.0 160.0 160.0 160.0 120.0 
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it must be no exaggeration to say that the dehydration resistance of pine yearlings 
is mainly controlled by the cuticular transpiration, C. 


2. The place in dehydration resistance of the pine yearlings among other higher 
plants 


Are the results obtained in the pine yearling also applicable to other higher 
plants? To answer this question we must take up another plant of different life 
type and compare its dehydration resistance with that of the pine yearlings using 
the same procedure. 

For this purpose the author intends to 
examine again the dehydration resistance 
of ‘‘summer cut’’ mulberry plants, for which 
special analysis has been applied in a 
previous paper’). The dehydration resist- 
ance of this plant was 2.6hrs. in normal 
jeaves and 0.6hr. in “‘dull’’ ones, which 
was far smaller than that of the pine 
yearlings. This difference was examined 
by drawing the time-transpiration curves 
of mulberry plants on a dry weight basis 
in order that they can be directly compared 
with that of the pine yearling (Fig. 4). 
The amount of initial transpiration (A+C) 
was somewhat larger in the former, but 
not so different from that of the latter, and 
the tendency of transpiration decrease (k), 
though considerably small in older mulberry 
leaves, was yet in the range of fluctuation 
in the pine yearlings. Different was the 
final transpiration (C); the mulberry leaves, 
even normal ones, transpired ten times 
heavier than the pine yearlings. This 
value can be considered as the cuticular 


Transpiration, mg./g. dry weight/10mm. Hg/hr. 


Time after detaching, min. 


transpiration in usual leaves, because their Fig. 4. Comparison of pine yearling 
stomata close completely after detaching. with opulberryideayes Uishe’ Sipe Caaag 
In ‘dull’? leaves with imperfect closure of transpiration amount after detaching shoots 


or leaves. A. The 4th leaf (normal) of a 
‘“‘summer cut’’ shoot, detached at 12.04 hr. 
on Aug. 3, 1952. T=2390e—0.0575¢+ 200. B. 


stomata, however, C was indeed forty 
times as large as that of the pine year- 
lings. So the difference in dehydration The 10th leaf of the same shoot, detached 
resistance between both plants does not at 9.13 hr. on Aug. 6, 1952. T'=1690e- 0.0427 
derive from A and k, but from C. Besides, -+-900. C. Pine yearling, a) in Fig. 1. T= 
the small value of lethal deficit (D) in the 1780¢-0,0576¢ -}-20, 

mulberry leaves may play some part. 

For other plants no complete data can be available of all measures for the 
calculation of dehydration resistance. Fukuda‘) applied a similar empirical formula 
to the author’s to the experimental results of Pfleiderer®) concerning the depression 
in transpiration of detached leaves, but their dehydration resistance can not be 
calculated for lack of data in saturation deficit and lethal deficit. Only & and A/C 
can be compared provided that the humidity condition had been maintained nearly 
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constant during the experiment. In Fukuda’s formula, 7:-+K=A”e-"'+C”, the left. 
term 7:+K corresponds to T of our equation (2), and signs A’ and C” were used 
by the present author as humidity relation was obscure in Fukuda’s paper. Besides, 
3¢/10 must be put in the place of ¢ in Fukuda’s equation to convert the time unit to 
lmin. The calculated values of k, A’ and C” were tabulated in Table 2. The 


Table 2. The values of k converted from Fukuda’s®) equation, T¢+K=A”’e~'--C”. 
t must be replaced by 3t/10 if minutes should be used as time unit. The 
signs, A” and C” were used instead of A and C as humidity 
relation was obscure in his paper. 


Species | Condition | k A” cr 
Sambucus nigra Outdoors, fine day. Aug. 11.) 0.1800 60.0 9.0 
| Outdoors, fine day. Aug. 10.) 0.1320 14.1 3.1 

| Outdoors, fine day. Aug. 10.) 0.1155 1232 Ot 

Lysimachia ciliata | June 13 in dark room sup-| 0.0237 ill 1.6 
BR CEANY SPOR A PRR ety Ves 1d 2.6 

0.0816 2.0 one 

Atriplex hortensis The same condition as above} 0.0624 4.0 4.5 
Y SEZ 2.6 

” Wail Zak 

Chenopodium album The same condition as above 0.1140 3.0 28 
" Paik Za0) 

Stachys germanica The same conditionas above 0.0990 3.0 2.8 
” 159 2.2 

Picea excelsa | The same condition as above 0.0339 2.6 0.55 
” 4.6 1.0 

” 133, 0.8 


values of & fall within the same range of those in both plants discussed in the forego- 
ing and the small values of A’’ in dark-room experiments may be due to the in- 
sufficient opening of stomata under such a gloomy condition. Fukuda also applied to 
some of the transpiration courses in detached leaves another empirical formula, 7++ 
K=A’e-**+C”, the curves by this formula being inverse S type. This formula, 
according to Fukuda, fitted well to young or soft leaves intensively transpiring out- 
‘doors. Concerning pine yearlings the formula was better fitted in some cases, especially 
when transpiration decrease was slow immediately after detaching. In these cases 
more precise values of dehydration resistance will be obtained if we analyse it by 
this formula, as the application to this case of equation (2) gives somewhat higher 
value to A and consequently the calculated transpiration in the earlier stage becomes 
too high. Definite integral for arbitrary range of e-*”, however, is only possible by 
numerical integration, and the analyses by this function will be left to future studies. 

Monsi*) measured the variation course of transpiration in detached leaves of 
Fatsia japonica, an evergreen shrub, in December. An empirical formula applied 
by the author to one of his data was T=412.5 e-°”'+ 37.4, which coincides fairly 
well in A and C with the author’s unpublished data in Quercus myrsinaefolia, an 
evergreen oak, during winter period, i.e., T=395e-°%"'+25. In passing, a summer 
result of the same plant was T=515e-°%%*+15, different from our pine yearlings 
only in small value of A. 
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Directly comparable with our pine yearlings were the measurements of transpira- 
tion (mg./g. dry weight/20 mm. Hg/min.) by Satoo’) at early autumn in detached 
shoots of the 5-month-old yearlings of Cryptomeria japonica, Chamaecyparis obtusa 
and Pinus densiflora, pot-cultured with Kant6 loam. Empirical formulae applied to 
his results by the present author are, T7=393 e-9-041t.4.72 for Cryptomeria, T=345 
e-90339t4.30 for Chamaecyparis and T=417 e°**+18 for P. densiflora. The values of 
C in P. densiflora conform well to those of our pine yearlings, P. Thunbergii, 
and A, k are somewhat smaller. Also he determined the lethal water content in 
average of 168, 85 and 105% on an oven dry basis in Cryptomeria, Chamaecyparis 
and P. densiflora respectively. The value in the third species conform well to the 
lethal water content of P. Thunbergii at the middle of July (see Fig. 21 in another 
paper’)), but was higher than that at the end of August (88%). The water content 
immediately after detaching were 572, 450 and 464%, so lethal deficit will be 404, 
365 and 359% respectively. As the inequality (13)** is fulfilled in each case, we can 
calculate their dehydration resistance by equation (1). Thus, calculated values of 
dehydration resistance were 54, 109 and 222 hrs. respectively. The value of P. densi- 
flora was over twice as much as those of our P. Thunbergii, but it must be remem- 
bered that the water content of those conifers measured by Satoo in September 
belonged to comparatively large one, perhaps by culture conditions, for the values 
by the same author in July and August of that year were much smaller even in 
well watered condition. If we calculate the dehydration resistance by the water 
content of 350, 250 and 220% at the end of August, it was 23, 49 and 55hrs. for 
Cryptomeria, Chamaecyparis and P. densiflora. Here the value in P. densiflora waS 
only a half in P. Thunbergii. In conclusion, it is quite certain that the order in 
dehydration resistance of these three genera is as follows: 


Cryptomeria<Chamaecyparis < Pinus. 


From the comprehensive data by Monsi®) in various plant species of Japan the 
present author has calculated the values of A and C tabulated in Table 3. The 
values of C in evergreen broad-leaves fall in most cases between 20 and 60 mg., some- 
what larger than our pine yearlings, while in deciduous broad-leaves they were much 
larger, i.e., 120-360 mg., our mulberry plant belonging to this group. The values in 
Graminae species seem somewhat smaller than deciduous broad-leaves and the largest 
values are found in water plants followed by juicy herbs such as Vicia, Commelina 
and Mirabilis, while a leaf-succulent species, Sedum, showed one of the minimum 
values. So the order of dehydration resistance, if decided only by the value of C, 
will be, 

Pine yearlings>Succulent sp. >Evergreen broad-leaves>Graminae sp. > 

Juicy herbs> Water plants. 
As for A, evergreen broad-leaves have comparatively small values below 1000, and 
deciduous broad-leaves and Graminae species show medium values of 1000-2000, out 
of which barley and wheat are the exceptions, the values being the same as or a 
little smaller than water plants and juicy herbs. The pine yearlings have compara- 
tively large values of A at least in summer. 

It will be of interest to examine the dehydration resistance of various plants 
from interrelationships between A, C, k and D. Under conditions of 10mm. Hg 
saturation deficit and ¢ in hour, equation (1) will be, 


eg OD” net 
Cc ™60CK™ (4) 
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Table 3. Calculated values of A and C in various plants from Monsi’s paper.°) 


f | Water 
Species Date A C content,oven 
dry basis 
1. Evergreen trees and shrubs: 
Fatsia japonica May 19 1034mg. 119mg. 312% 
Aug. 15 530 45 200 
Oct= 16 488 21 193 
Feb. 13 220 25 173 
Pittosporum Tobira Aug. 28 528 21 178 
Jane 21 295 8 144 
Laurus nobilis Sepsis 835 28 JEME 
Rhododendron hortense June 25 1016 46 156 
Daphne odora Aug. 7 1019 69 270 
Feb. 1 484 46 223 
EHivonymus japonicus May 6 1383 76 234 
Aug. 23 982 41 213 
Jangeaib 487 17 178 
Thea sinensis Mar. 24 698 24 ile y/ 
Camellia japonica Apr. 314 31 113 
Ilex integra Apr. 572 24 138 
Hedera japonica Aug. 27 529 73 157 
Torreya nucifera Aug. 27 479 35 163 
2. Deciduous trees and shrubs: 
Aphananthe aspera Sep. 12 1303 119 164 
Kerria japonica June 20 2292 248 212 
Sambucus Sieboldiana June 15 2268 138 335 
Aug. 17 1451 140 300 
Oct. 10 1332 358 292 
Cornus controversa June 21 1012 196 203 
3. Herbs: 
Dioscorea japonica Sep. 24 1346 82 400 
Pleioblastus Simona Sep. 6 1536 160 122 
Phragmites communis Sep. 11 1472 126 163 
Trachycarpus eacelsus Aug. 20 547 67 120 
Triticum sativum Mar. 10 3230 210 400 
Hordeum sativum Mar. 26 4472 99 525 
Mirabilis Jalapa July 19 2718 450 733 
Vicia Faba Jan. 28 5459 1069 808 
Frigeron canadensis Aug. 16 2646 216 400 
Commelina communis June 14 5219 851 808 
Jussiaea repens July 23 3987 2179 426 
Hydrocharis asiatica July 23 366 2413 669 
Sedum alboroseum Aug. 756 20 1150 


Omitting the second term of the right side, #D relationship becomes linear at defi- 
nite values of C (Fig. 5). In this condition the dehydration resistance of our pine 
yearlings falls within the area surrounded by solid lines, for which C and D are 
10-20 and 170-240 respectively. Taking into account the second term, ¢ will be 
smaller by A/60CK than the former case. Deducting the maximum value of the 
second term, 2400/(60x0.05 C), the area is enlarged to that surrounded by broken 
lines and the range of dehydration resistance will be 45-240hrs. The range of 
dehydration resistance of younger leaves in ‘‘summer cut’’ mulberry was only 2-8 hrs. 
for the water content of 250-300%, far smaller than that of pine yearlings. For 
other plants the ranges or points were plotted according to Monsi®) and Satoo’). As 
the values of lethal deficit were not shown in Monsi’s paper the author assumed the 
lethal water content to be a half of the usual water content in the light of Pisek 
and Berger’s*) data. From Fig. 5 the dehydration resistance of various plants is 
clearly shown in relation to D and C. The mightiest of all is Sedum with maximum 
D and C. Coniferous yearlings are resistant with small value of C but their D is 
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Dehydration resistance ¢ in hrs. 


deficit of 10mm. Hg. 


Lethal deficit D, % on an oven dry basis. 

Fig. 5. Dehydration resistance (€) of various plants in 
relation to lethal deficit (D) and cuticular transpiration (C). 
1. Sedum, 2. Pinus densiflora yearling, 3. Chamaecyparis 
yearling, 4. Cryptomeria yearling, 5. Impatiens, 6. Com- 
melina, 7. Vicia, 8. Hordeum, 9. Triticum, 10. Hrigeron, 
11. Sambucus, 12. Morus, 13. Cornus, 14. Camellia, 15. 
Phragmites, 16. Thea, 17. Fatsia, 18. Daphne, 19. Pit- 
tosporum. 


much smaller than the succulent species. Next resistant is evergreen broad-leaves 
with small C and D. Most susceptible are deciduous broad-leaves and herbs due 
either to small D or to large C. 


3. Conclusion 


So far the value of dehydration resistance was calculated under the saturation 
deficit of 10mm Hg, but it can be calculated under arbitrary saturation deficit if we 
only put concerned values instead of 10mm.Hg. This kind of dehydration resistance 
above mentioned rarely occurs in intact leaves during drought condition, for water 
supply from soil gradually, not abruptly, decreases as soil water content approaches 
to wilting percentage, and even if the water supply is practically cut by the drying 
of the soil below wilting percentage, the leaves can absorb water for a while from 
axial part of the plant, as a great deal of water is stored in stems and petioles. So, 
water absorption as well as transpiration must be taken into account in such cases, 
the investigation of drought resistance becoming more complex. However, in small 
plants such as our pine yearling the cessation of water entrance into leaves follows 
soon after the cessation of water supply from soil, as the mass of stem and root 
are too small to maintain the water supply to leaves. For this case our investiga- 
tion method of dehydration is directly applicable to its drought resistance. But it 
must be remembered that when soil water content in the rhizosphere decreases to 
wilting percentage, the amount of transpiration diminishes to the level of cuticular 
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transpiration, the shoot water content decreasing to some extent. In this case equa- 
tion (15)** can be applicable without reservation, and by this way the drought re- 
sistance in the pot-cultured yearlings of three conifers was investigated by Satoo’), 
- and that of the black-pine at sand dune regions by the present author’). 


Summary 


Some discussions were put forward on general analysis of the dehydration 
resistance in pine yearlings and then on their place among higher plants as to this 
character. 

1. It was substantiated that the simplified solution of the equation of dehydra- 
tion resistance can be applicable to all cases in pine yearlings. 

2. The influence of initial transpiration and of tendency of decreasing transpira- 
tion upon the dehydration resistance were examined when cuticular transpiration 
and lethal deficit were given. These influences were not so serious as was expected 
at least in the case of pine yearlings. 

3. The difference in dehydration resistance between pine yearlings and mulberry 
plants proved to be due to the difference in cuticular transpiration. 

4, The pine yearlings and mulberry plants were compared with other higher 
plants in cuticular transpiration, initial transpiration, tendency of decreasing transpi- 
ration, lethal deficit and dehydration resistance. The pine yearlings belong to one 
of the most resistant species, while the mulberry plants one of the most susceptible 
ones. 


The author wishes to express his cordial thanks to Prof. M. Monsi, the University 
of Tokyo, and Prof. K. Hdgetsu, Tokyo Metropolitan University, for their kind 
advice and criticism throughout this investigation. Thanks are also due to Messrs 
T. Ushijima and T. Murakami to their help for preparing the text. 
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Developmental Studies in the Genus Polygonum. 
I. Microsporogenesis of Polygonum persicaria ep 


by Yukio Dompa** 


Received December 21, 1959 


The author has studied the developmental process of microspores from the stage 
of formation of anther primordia in the genus Polygonum which, taken in wider sense, 
includes Fagopyrum. The author’s previous studies showed that the number of pollen 
grains formed in a single pollen sac is very small and is a constant specific trait. 
Accordingly, the Polygonum species could be classified into 5 types based on the 
number of pollen grains per sac” *). Those are types with (1) 8,:(2) 16; 3) 32,4 
128 and (5) 256 pollen grains in one pollen sac. 

Nakai* 5) studied the Polygonaceae growing in Japan, and classified them into Six 
genera: Polygonum, Fagopyrum, Rheum, Rumex, Koenigia and Oxyria. Furthermore, 
he studied in detail the genus Polygonum and divided it into several sub-genera, of 
which one was further divided into sub-sections. Hedberg*) studied the genus 
Polygonum and classified it into 9 types based on pollen morphology. Nakai*) and 
Ikuse’), however, reported that the genus Polygonum should be classified into 2 major 
groups on this basis. 

P. persicaria used in this study is placed by Nakai in section Persicaria eupersi- 
caria Gross of sub-genus Persicaria Tournefort. 

In the present paper the cytological and histological aspects of microsporogenesis 
of P. persicaria which does not fall into any of the above five types are reported. 
Moreover, the author’s investigation disclosed an interesting relation between his five 
types of pollen grain number per sac and pollen grain morphology. 

Materials used in the present study were collected in Misima, Sizuoka Prefecture. 
The process of microsporogenesis was observed by means of the usual paraffine 
section method. The inflorescences were collected in various developmental stages 
and fixed in Carnoy’s or Farmer’s fluid. Heidenhain’s iron-alum hematoxylin, Feulgen 
reaction and Lillie’s reagent for polysaccharide staining were used for staining. Mature 
pollen grains were observed by the acetocarmine squash method. . 


Observations 


Normal development of anthers 


A cross section of a very young anther of P. persicaria shows a mass of homo- 
genous meristematic cells surrounded by the epidermis (Figs. 1, 2). Following the 
division of the meristematic cells, the young anther becomes slightly four-lobed (Fig. 
3). In each of the lobes, an archesporial cell differentiates from the subepidermal 
layer. This cell is the future pollen mother cell. It gradually increases in size 
without any mitotic division until meiosis sets in (Fig. 4). Meanwhile, cells sur- 
rounding the only pollen mother cell carry out active mitotic divisions. Then they 
differentiate into three layers, namely the outermost ““epidermis’’, the adjacent 
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** Biological Institute, Faculty of Science, Nagoya University, Chikusa-ku, Nagoya, Japan. 
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““endothecium’’ and the innermost “‘transitional’’ cell layer (Fig. 5). 

Tapetal cells which have an important function in the maturation of pollen grains 
differentiate toward the center from the transitional layer (Fig. 5). In this stage each 
pollen sac consists of four cell layers enveloping the pollen mother cell (Figs. 6, 7). 
After the differentiation of the tapetum, the transitional layer becomes threadlike 
and soon disappears. 

To the author’s knowledge in all other higher plants in which the process of 
microsporogenesis is well known, the archesporial cell goes through mitotic divisions 
resulting in a number of pollen mother cells. But in P. persicaria the archesporial 
cell assumes the function of the pollen mother cell without any further mitosis. 
Therefore, only one pollen mother cell is formed in a pollen sac (Fig. 7). 

Prior to the meiotic division of the pollen mother cell, the tapetal cells perform 
mitotic divisions without cytokinesis. Binucleated tapetal cells are the result (Fig. 8). 
Tetra-nucleated tapetal cell resulting from successive mitotic divisions or tetraploid 
or higher-ploid cells following endomitosis were not observed in this species. 

The meiotic process of the pollen mother cell is very regular. Table 1 shows 
the result of the observation of meiosis. Abnormal division is scarcely seen. As a 
result of meiosis, tetrads of linear type are formed, i.e. four microspores are arranged 
in a row (Fig. 14), but some of the tetrads are Y- or X-shaped (Fig. 15). 

After the meiotic process, the tapetal cells become hypertrophied (Fig. 17), 
vacuolated and then they gradually degenerate. Each mature pollen sac consists of 
two cell layers enclosing 4 pollen grains (Figs. 21, 29). 


Table 1. Observation of Meiotic Process (P. persicaria) 


Meiotic Stage 
Meta- | Ana- to Meta Ana- to | 
ee | phase | Telo- yee a " | phase Telo- Tetrad 
Spee I | phase Pp II phase II 
Normal 1S \ealtmnthd | 2A tlhe 2 | 0 | 25 28 
Abnormal Gig teak | 0 | 0 | garni se 2 


Table 2. Number of Pollen Grains in a Pollen Sac (P. persicaria) 


Nos. of Pollen Grain 
= i ee - 3 Total Mode 
4 | 8 | 12 | 34+2m* | 44+-1m* 
Nos. of Cases (1958) | 248 | onan peter what «sed 269 4 
Nos. of Cases (1959) 268 | 41 | 0 | 0 | 2 311 4 


* m: dwarf pollen grain 


Deviations from the regular development 


1) Pollen sacs having eight pollen grains are also found, but their frequency is 
small (Table 2). The process of microsporogenesis in this case is shown in Fig. 23- 
28. It is not essentially different from the process of microsporogenesis observed in 
P. nodosum. The author reported in a previous paper!) that this type of pollen grain 
formation represents type 1. An archesporial cell divides mitotically once and the 
daughter cells assume the function of pollen mother cells (Fig. 23). Thus, two pollen 
mother cells are produced in a pollen sac (Fig. 24). Meiosis proceeds regularly in 
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each of the two pollen mother cells. Linear arrangement of tetrads is not found in 
this case. 

2) Abnormal divisions are one of the causes of abnormal pollen formation. Some 
pollen sacs have dwarf pollen grains. Those are perhaps produced by lagging 
chromosomes or micro-nuclei. However, such aberrations are very rarely seen 
(Tables 1 and 2). 

3) In this species, formation of empty pollen sacs was observed (Figs. 29, 30). 
This phenomenon is commonly considered to be due to (1) lack of differentiation of 
the pollen mother cell or (2) its degeneration. In many cases a pollen mother cell is 
differentiated in each lobe of a young anther, but the surrounding tissue does not 
fully develop. Especially, failure of the tapetal tissue to develop may be the cause 
of pollen degeneration or empty pollen sac formation. Fig. 31 shows a case of this 


type. 


Pollen Grains 


As shown in Fig. 21, the pollen grains of P. persicaria belong to the ‘“‘pore- 
pollen’’ type. The pollen grains have a spherical or slightly spheroidal shape and 
their short and long diameters are 35.4—38.4 and 38.4—44.2 uw long, respectively. 


Cytochemical Studies 


DNA: Materials positive for Feulgen reaction are always present in the nucleus 
(Fig. 10). Feulgen-positive granules could not be detected in the cytoplasm of the 
sporogenous cell and tapetal cells. The positive stainability for Feulgen reaction of 
the tapetal nuclei was lost prior to the degeneration of the cells. 


Polysaccharides: Lillie’s method was employed for polysaccharide staining. All cells 
of an anther at premeiotic stage show uniformly this staining reaction. Stainability 
is similar in both nucleus and cytoplasm (Fig. 8). Granulous stained particles were 
not detected. The stainability of the tapetal cells is gradually improving after 
meiosis. At that time, the tapetal cells show hypertrophy and then a tendency to 
break down. On the other hand, the pollen mother cell shows constant stainability 
from premeiotic stage until separation of the microspores from the tetrad. The 
development of exine and formation of germinating pores follow. The latter are 
strongly stained (Figs. 19, 21). 

The substance positive to Lillie’s staining appears to be extruded into the space 
between the tapetal cells and the microspores (Figs. 17, 19, 20). It seems to be 
mucous. It is possible that it is extruded from the degenerating tapetum and is 
absorbed by the germinating pores and used as an energy source for the developing 
pollen grains. Fig. 19 shows the mucous matter adhering to the germination 
pores. 

Prior to maturation, the pollen grains become filled with starch, while the mucous 
matter disappears. 


Discussion 


In the previous report"), the genus Polygonum was classified into five types 
according to the number of pollen grains in a pollen sac. Those are types with (1) 
8, (2) 16, (3) 32, (4) 128 and (5) 256 pollen grains in one pollen sac. P. persicaria 
does not fall into any of those five types. It has 4 pollen grains in a sac. In the 
meanwhile, the present author found that P. tenuicaule has 64 pollen grains in one 
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pollen sac (Doida, unpub.). Thus, Polygonum can be classified into 7 types based on 
the number of pollen grains produced in a sac, namely types (1) with 4, (2) with 8, 
(3) with 16, (4) with 32, (5) with 64, (6) with 128 and (7) with 256 pollen grains per 
sac. 

Hedberg classified the genus into 9 types on the basis of pollen morphology‘). 
On the Same basis, Nakai classified it into two major types’). Ikuse’) supported 
Nakai’s opinion. One of the types is the ‘‘furrow pollen’’ type having three germination 
furrows on the exine, and the other type is the “pore pollen’”’ type. The latter has 
multi-germinating pores and a reticulate pattern of the exine. This type is considered 
by Nakai to be characteristic of Chenopodiaceae®). He also stated that this type of 
pollen is found in Ambryogonon, Tovara, and Persicaria, sub-genera of genus 
Polygonum. However, Ikuse reported that Section Didymocephalon and Corynboce- 
bhalon belonging to sub-genus Persicaria have ‘‘furrow type’ pollen. On the other 
hand, “furrow type”’ pollen appears in Fagopyrum, Bistorta, Reynoutria, Aviculare, 
Pleuropterus, Bilderdykia and Pleuropteropyrum, sub-genera of genus Polygonum. P. 
persicaria belongs to “‘ pore pollen’’ type. 

Generally speaking, ‘‘pore pollen’? type appears in species producing a small 
number of pollen grains in a pollen sac. Types 1, 2, 3, and 4 have few pollen grains 
with pores, while furrow pollen type is observed in species having a comparatively 
large number of pollen grains, as types 4, 5, 6 and 7?:3), 

Woodehouse*) tried to classify the Polygonaceae according to the shape and exine 
pattern of pollen grains. The process of pollen grain formation could be used in 
systematic or phylogenetic studies. For instance, P. blumei is morphologically almost 
identical with P. persicaria but they are different in the number of pollen grains 
produced in a pollen sac; the former species has 8 and the latter only 4 pollen 
grains. This difference provides a good means for distinguishing the two very 
similar species. 

The divisions of the tapetal cell are regular in natural conditions and result in 
bi-nucleate cells. Tetranucleate cells resulting from successive mitotic divisions (ob- 
served by Smith’), Berger et al.'°), etc.), restitution nuclei and polyploid nuclei 
following endomitosis (observed by Witkus!!), Brown!), etc.) were not observed in the 
tapetum of this species. 

The important role of tapetal cell in the normal development of sporogenous 
cells has been described by many authors!*:4)15). They state that the tapetal tissue 
supplies nourishment to the developing sporogenous tissue. Cooper’) illustrated by 
photographs a transfer of DNA from the tapetal cells to the developing microsporo- 
cytes prior to the onset of meiosis in pollen mother cells. Regarding this point, 
however, Takats"*) reported that tapetal extrusion does not occur as a regular process 
under normal conditions on the basis of his experiments with Lilium longiflorum. 
He also stated that the frequency of microsporocytes with chromatin globules cor- 
relates with the rate of degeneration of microsporocytes, and the frequency of micro- 
sporocytes or tapetal cells with chromatin globules is affected by handling procedures. 
Failure to differentiate a tapetal tissue often results in empty pollen sacs in spite of 
differentiation of archesporial cells in young anther primordia. Fig. 31 is a photograph 
of an anther of Fagopyrum esculentum treated with colchicine. One pollen sac has a 
tapetum and the other has none. The sporogenous cells develop in the former sac, 
but their development ceases at the stage of pollen mother cell formation in the 
latter (Doida, unpub.). A similar type of degeneration of the pollen mother cell ap- 
peared in P. persicaria. This shows indirectly that the tapetal cells have an important 
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role in the normal processes of microsporogenesis. 


Summary 


The process of pollen grain formation was observed histologically and histo- 
chemically in P. persicaria. 

Anthers of this species have four pollen sacs, and each pollen sac has four pollen 
grains. The peripheral zone of a pollen sac is formed of four cell layers at premei- 
otic stages. The inner two cell layers disappear before the pollen matures. 

Taxonomical significance of the shape and number of pollen grains is discussed. 

Polygonum can be classified into 7 types on the basis of pollen grain number per — 
sac. 


The author wishes to express his appreciation to Prof. Tamaki Shimamura of 
Nagoya University, and to Dr. Y6 Takenaka, Head of Department of Cytogenetics, 
National Institute of Genetics, for their kind encouragements and advice during 
course of the present study. He also thanks to Dr. F. A. Lilienfeld, who was kind 
enough to make some corrections in the manuscript. 
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Process of microsp 


for polysaccharides, and A: aceto-carmine. 

Fig. 1. Young anther primordium (H). Fig. 2. The same stage as in Fig. 1 (H). Fig. 3. 
Cross-section through a young anther; the shape is four-lobed (H). Fig. 4. A differentiated 
archesporial cell (H). Fig. 5. Peripheral zone of anther consists of three cell layers. Arrow 
shows a mitotic division in a cell of the transitional layer (H). Fig. 6. Four layers are 
formed at the periphery (H). Fig. 7. Premeiotic stage (L). Fig. 8. Premeiotic stage (H). 
Fig. 9. Binucleated tapetal cell (H). Figs. 10-12. Meiosis. Fig. 10. The PMC (p) in meiosis 
and binucleated tapetal cells (t) (F). Fig. 11. Metaphase I (H). Fig. 12. Telophase I (H). 
Fig. 13. Interphase I (H). Fig. 14. A linear tetrad (H). Fig. 15, Y-shaped tetrad (H). Fig. 
16. Linear arrangement of microspores (H). 
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num persicaria L. 
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Process of microsporogenesis in P. persicaria. H, F, L and A in parentheses show the 
method used for staining; H: Hematoxylin staining, F: Feulgen reaction, L: Lillie’s method 
for polysaccharides, and A: aceto-carmine. 


Fig. 17. Cross-section of anther having a tetrad (L). Figs. 18-2). Development of four 
microspores (L). Fig. 21. Mature pollen grains with strongly stained germinating pores (L). 
Fig. 22. Anther having four pollen grains in a each pollen sac (A). Figs. 23-28. Aberrant 
pollen grain formation (H). Fig. 23. Mitotic division of the archesporial cell. Fig. 24. Two 
‘PMCs. Fig. 25. Prophase 1 in two PMCs. Fig. 26. Telophase II. Fig. 27. Two tetrads. 
Fig. 28. One pollen sac with 8 and the other with 4 pollen grains (A). Fig. 29. One of four 
pollen sacs degenerates (H). Fig. 30. Empty pollen sac (H). Fig. 31. An anther of Fago- 
pyrum esculentum treated with colchicine. Left pollen sac has a tapetum but the right one 


has none. The development of the sporogenous cell proceeds in the left sac although it is 
abnormal, but ceases in the right one. 


Y. DomDA: Developmental Studies in the Genus Polygonum. 1. Microsporogenesis of Polygo- 
num persicaria L. 
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Studies on the Growth of Fruit Body of Fungi II.* Activity and 
Stability of the Growth Hormone in the Fruit Body of 
Agaricus bisporus (Lange) Sing.** 


by Hiroshi Hacimoto*** and Michio Konisur*** 
Received December 22, 1959 


Existence of a special growth hormone active to the growth (pileus expansion 
and stipe elongation) of fruit body was demonstrated in Coprinus lagopus‘), in Col- 
lybia velutipes?) or in Agaricus bisporus**) and other Basidiomycetes‘). The growth 
of stipe decreased by removal of pileus at early stage, or the stipe curved by half 
or uneven removal of pileus or gills, by half-insertion of mica plate, or by splitting 
the stipe. On the other hand, Jeffreys and Greulach obtained no significant curva- 
tures on Coprinus sterquilinus by unilateral placing of agar blocks containing fruit body 
diffusates of the same species on the stipe stump’). Evidences decisive to the existence 
of the growth hormone and its partial isolation by diffusion and extraction method 
are described in the present paper. 


Materials and Methods 


The white strain and sometimes snow white strain of commercial mushroom, 
Agaricus bisporus (Lange) Sing. and some other Basidiomycetes were used. In com- 
mercial mushrooms the fruit bodies grown on new flats were used for the experi- 
ments; the mushrooms grown on the old flats often showed growth abnormality such 
as onion like form. Other mushrooms than A. bisporus were collected in the fields 
at our vicinity. 

An ‘Agaricus test’’, corresponding to the ‘‘Avena test’’ in higher plants, was 
adopted, as has already been suggested in a previous paper‘). At first, bioassay was 
performed at the Morimoto Mushroom Nursery as in the previous experiment, later 
on, in the Phytotrone room regulated at 15+1° and R. H. ca. 90%. 

Procedure of the ‘‘ Agaricus test’’: Fruit bodies which have reached about 30 mm. 
in length, standing vertically and growing solitary, are selected. When growing 
crowded, all fruit bodies but one to be used were removed. With a razor blade a 
pair of opposit parts of pileus and stipe from a plant on the flat was cut off along 
parallel plains (Figs. 1A and A’ in the previous report*)). From thus resulted T- 
shape plant having wings of pilei on both right and left side the whole gills were 
removed with the care not to injure the stipe (Fig. 1C in the previous report*)). On 
one of the lower surface of pileus wings thus treated, materials to be tested, such 
as agar blocks containing test substance, and on the other, plain agar blocks as 
the control were attached (Fig. 1A). All the manipulations were performed under 
artificial light and thereafter the plants were allowed to grow in the nursery house 
or phytotrone, having sometimes weak illumination. In our mushroom, the stipe 
curvatures in both intact and completely gill-free fruit bodies were not caused by 
unilateral illumination of light, as has already been observed by Buller®). The re- 
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the Botanical Society of Japan, held at Fukuoka, Japan and on September 4th, 1959 to the 
24th annual meeting of the Botanical Society of Japan, held at Sendai, Japan. 
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sultant stipe curvature, which showed the existence of growth hormone, became visible 
within 2 or 3 days of the treatment (Fig. 1B). The agar blocks attached to the 
lower surfaces of pileus wings usually dried up | 
within 24 hours after the treatment (Photo. 1 
and 2). The curvature was recorded on the 
3rd or 4th day after the treatment. Excess 
of dryness in the relative humidity far less 
than 90% which is favorable for the growth is 
to be avoided. More than 12 fruit bodies were 
used for one test. Agar blocks used for the 
bioassay were 2.5% gel and about 10x 10x 3mm. 
in size. The blocks were stored in 60% ethanol 
solution, washed overnight with distilled water 
at about 5° before use. This test may be of 
little value from a quantitative point of view 
but is enough to prove the existence of activity 
Fig. 1. Diagram showing the of test substance. 
aha age teal lh ge Sos Purified petroleum ether, benzene, ether, 
x%. A: Attaching of agar blocks 
Bacthe lower curfadeeeniihe: pilets acetone and ethanol were used as the solvents 
from which the whole gill parbeal for the extraction. Gills detached from the 
pre-treated fruit body (see the pre- pileus or occasionally pilei with gills or whole 
vious report‘) was removed; the plants were used for the extraction. The ex- 
dotted agar block contains the test tracts resolved in an adequate amount of dis- 
substance. B: Resultant curvature tilled water and diffused in agar blocks were 
caused by the active growth hor- tested. 
mone. 


Results and Discussion 


A. Effect of gills on the growth of fruit body. 

A part of pileus with gills or a piece of gill part was pasted with agar gel on 
the lower surface of pileus of gill-free test plant. Negative curvature and much 
expansion of the pileus wing at gill attached side were observed as in Hawker’s and 
Urayama’s experiment?” ). The intense expansion of pileus wing due to gill action 
was, in general, observed at 30mm. or less long fruit body. It is to be ascertained 
whether one and the same hormone was active in both of the phenomena, i.e. the 
pileus expansion and the stipe elongation. Gills from the snow white strain also 
gave the same result on the white strain. The converse held also true. Sometimes 
mycelia of unknown nature were observed in the agar block with excised gills. For 
the purpose of a convincing demonstration, gill parts taken from a 30mm. long fruit 
body were placed on agar blocks (10X10x3 mm.) in a moist Petri dish and kept for 
24 hours at about 5° in order to check mycelial development. These agar blocks 
containing gill diffusate were tested. During the test, the agar blocks were changed 
twice at interval of 24 hours or were removed at 24th hour after the treatment. 
The gill diffusate itself is thus active to the growth of the fruit body. 

There may be another possibility remaining, that is, the substance occurring in 
gills may not be true hormone itself but it generates or activates the hormone. or 
changes in itself to the hormone on the way of transportation. A small sian of 
gill block was attached with agar gel directly to a cut vertical surface of growth 
zone of a plant prepared for the curvature test (Fig. 2A, B). Bending-off of the stipe 
from the applied side was observed though the curvature was not so strong (F ig. 2C). 
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A direct¥hormonal stimulation by the substance is highly probable. 

Not only a piece of gills but a piece of pileus-flesh 
or even of stipe were also active to the Agaricus test, 
probably showing an existence of transporting growth 
hormone in these tissues. 


B. Extraction of the growth hormone. 


a) Extraction with water. The hormone is to be 
water soluble since it was diffusible into agar gel. 
Twelve grams of fresh gills from about 30mm. long 
fruit bodies were soaked in 25 mi. distilled water contain- 
ing 12 agar blocks. After keeping at about 0° for two 
days, the agar blocks were tested. The resultant stipe 
curvatures clearly showed that the hormone diffused into 
the water out of the tissue. Extraction of gills with B C 
boiling water gave also successful result: thirty grams Fig. 2. Curvature caused 
of fresh gills were put into 100m/. of boiling distilled by direct attachment of small 
water and this was immediately placed at about 5° in part of living gills (lined 
an electric refrigerator. After two days the water square) with agar blocks on 
solution was filtered and condensed to 10 m/. with rotary the growth zone of stipe. x 74. 
flash evaporator under a reduced pressure of about 20mm. “? Front view; On the op- 
Hg. Agar blocks soaked in the condensed solution and s Sie Ck a se on eee ee 
kept overnight at 5° caused clearly negative curvatures Por ie 

: : * Curvature caused by the treat- 
Fresh gills were enveloped with cellophane and steeped ment (side view). 
in distilled water at 5° for 2 days, and it was found 
that the active substance was diffusible through cellophane membrane. The hormone 
would be of small molecular size. 

b) Extraction with organic solvents. The growth hormone was tried to extract 
from fresh gills (30 g.) with petroleum ether (100 m/.). After removal of the solvent 
under reduced pressure, the residue, after adding 10 ml. distilled water and agar 
blocks, was tested. In such manner, extraction was performed with benzene, ether, 
acetone, and ethanol. In order to exclude water from the fresh gills, each extract 
was re-treated with same but completely dehydrated solvents. Ether, acetone and 
ethanol extracts showed positive result; the ethanol extract, for example, caused 
negative stipe bending and positive pileus expansion to 19 fruit bodies out of 21 used. 

In another series of experiment extractions were started from the ethanol 
extract of fresh gills: 30g. fresh gills were soaked into 100 m/. boiling ethanol and 
kept at 0° for 2 days. The crude extract thus obtained was dealt with 100 m/. 
petroleum ether, benzene, acetone or ether. After removal of the solvents under a 
reduced pressure, each residue was dissolved in 10 m/. of distilled water and tested. 
Fractions soluble to ether, acetone and ethanol, and those insoluble to the organic 
solvents used were active (Photo. 1). Further purification of the hormone is now in 
progress. 

C. Stability of the growth hormone. 

Gills or water solution of ethanol extract of gills were heated on boiling water 
bath for an hour in Erlenmyer’s flask with a reflux condenser. The Agaricus test 
gave positive results, i.e., the stipe curved and the pileus expanded (Photo. 2). Some 
activity was maintained even when the extract was heated for an hour with N-HC] 
or -NaOH and was neutralized by N-NaOH and N-HC]. 
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Photo. 2. Curvatures caused by attaching an 
agar block with a small part of gills previously 
heated for an hour at 100° to the lower surface of 
pileus on the left side; Plain agar block on the 
right side. Greater expansions occur on the side 
with heated gills on each pileus. xca. %. 


Photo. 1. Curvature caused by the 
ether extract of gills. At the right 
side an agar block containing the 
ether extract (arrow). ca. 1. 


Water solution of the hormone can be retained more than 4 weeks at -5° without 
any loss of activity. No loss was also observed when the hormone dryid for five 
days on paper exposed to room light and temperature. But when water solution of 
the extract is kept unsterilized at room temperature for few days, the activity is not 
only lost but sometimes positive (and zero) curvature of stipe is observed. This was 
always the case in various concentrations tested. It may be thus evident that the 
positive curvature was never caused by an excess of the hormone but presumably 
due to microbial destruction of the hormone and production of some inhibitory 
substance. 


D. Relation of the growth hormone to auxin. 


The above extracts active to the growth of fruit body showed no activity to the 
Avena test, although a considerable amount of auxin, mostly acid and bound form 
of f-indole-3-acetic acid (IAA), has been detected in fresh gills, gill-free portion of 
pileus or in stipes’). It is probable that IAA was destroyed during the extraction 
with heated ethanol and only the mushroom hormone was remained. 

IAA in agar blocks at concentrations from 0.1 to 1000 ppm. at intervals of ten 
times gave also no curvature in Agaricus test. Some investigators also reported 
that fruit body of fungi did not react to external applications of IAA**). The mush- 
room growth hormone is thus, as has already been suggested by Urayama, to be different 
from IAA and may have no relation to the growth of higher plants. Moreover, acid- 
and alkali-stability of the hormone supports this view, i.e., IAA must be destroyed 
by heating in N-HCl. The results, however, do not mean that IAA is unnecessary 
for the growth of fruit body. Studies on IAA in the fruit body will be presented in 
near future’). 


E, The active substance or substances obtained from other Basidiomycetes than A. 
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bisporus. 

The authors have already reported that the growth of fruit bodies of Coprinus 
and of other fungi seems to be also regulated by growth hormone‘). New experi- 
ments on ethanol extracts obtained from pilei of Coprinus macrorhizus f. microsporus 
(C. fimetarius), Hypholoma fasciculare and from gills of Armillaria matsutake were 
also positive, i.e., negative stipe curvatures and much expansion of the pileus wing 
_at the extract given side were observed on the Agaricus test. It is yet unknown 
whether the growth hormone of these field mushrooms is chemically identical with 
that of commercial mushroom. 


Summary 


1) Existence of growth hormone or hormones promoting stipe elongation and 
pileus expansion of Agaricus bisporus was ascertained directly by diffusion and ex- 
traction method. 

2) The hormone can be transferred from gills into agar gel and is dialysable 
from a water solution through cellophane membrane. 

3) The hormone is soluble in ether, acetone, ethanol and water, and insoluble in 
petroleum ether and benzene. 

4) The hormone is heat-stable and is not inactivated when boiled for one hour 
even in N-HCI or —NaOH. 

5) The hormone is not effective to the Avena test; IAA gave no curvature in 
the Agaricus test. The hormone is not to be identical with IAA or its allies. 

6) Extracts obtained from Coprinus macrorhizus f. microsporus, Hypholoma 
fasciculare and Armillaria matsutake were active to the growth of fruit body of A. 
bisporus. 

The authors wish to express their sincere thanks to Prof. S. Imamura and Assoc. 
Prof. M. Hamada for their interests during the work. 
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The Genus Scirpus in the Hawaiian Islands 
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The purpose of this paper is to reinvestigate all species of the genus Scirpus 
(Cyperaceae) known from the Hawaiian Islands. There has not been much work on 
Scirpus in Hawaii. Only two species of the genus were known to Hillebrand in his 
‘Flora of the Hawaiian Islands’ (1888). Kiikenthal added a new species from Kauai 
based on a collection by J. F. Rock in 1909. More recently, Beetle (1941) reported 
some other specimens and revised a few names concerned. In general, the names 
of the species of Sciypus now seem to be rather well understood. However, since 
these species very often show a tendency of interregional or intercontinental occur- 
rence, the comparison of Hawaiian specimens with continental specimens, and a more 
satisfactory solution of the names involved has seemed necessary. 


Key to the Hawaiian species of Scirpus 
A. Inflorescence terminal or nearly so, subtended by leaf-like bracts; leaves with 
ai normal Gram necuewblades: ccc > mht so saat epatiee “beyei® ae 1. S. maritimus 
A. Inflorescence pseudo-lateral with an erect culm-like bract; all leaves reduced to 
bladeless sheaths. 
B. Inflorescence of a contracted head; plants of medium size, culms less than 


relia. talhsencs 6. ties te aia, 0 a madden tae aes on ee 2. S. juncoides 
C. Spikelets oblong-cylindric, 9-20mm. long, 3.5-5 mm. broad; floral scales 
ObtUSe OG TeLUSE ALC ADEX. cn ai usec uso micuemeis oo ee oe 2a. var. Ohwianus 
C. Spikelets ovate-oblong, 8-15mm. long, 3-3.5mm. broad; floral scales 
contracted and mucronate at apex................ 2b. var. Rockit 


B. Inflorescence of an open panicle with elongate rays; large plants with culms 
more than 1m. tall. 
C. Perianth bristles 5-6 per achene, retrorsely scabrous with acute spinules 


» adel sictAs « so tail... .seeOb) Gah Gee . Seat «tee 3. S. lacustris 
C. Perianth bristles 2-4 per achene, plumose. 


DeaCulmsrtrigonalie gacksh oct. Sete Bees ates 4a. S. californicus 
Dei Culmsuteretéag..2zgteut. of . aeSes.. seente- 4b. var. tereticulmis 


1. Scirpus (Bolboschoenus) maritimus Linn., Spec. Pl. ed. 1, 51. 1753. 
var. paludosus (A. Nelson) Kiikenthal, Fedde Rep. Sp. Nov. 23: 200. 1926. 

Sc. maritimus L. var. digynus Hillebr., Fl. Haw. Isls. 475. 1888. not of 
Boeckeler, 1870. 

Sc. paludosus A. Nelson in Bull. Torr. Bot. Club 26: 5. 1899.—Beetle, in 
North Amer. Flora 18 (8): 483. 1947.—Fernald in Gray’s Man. Bot. ed. 8, 272, 
incl. var. atlanticus Fern. & fig. 442. 1950. 

Sc. paludosus A. Nels. var. atlanticus Fern., Rhodora 45: 291. 1943. 


Sc. paludosus A. Nels. var. digynus (Hillebr.) Beetle, Leafl. West. Bot. 4: 
47, 1944. 


* Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. 
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OAHU: Koko Head, Maunalua, 1924 (J. A. Harris 242153!), Waialae, 1929, (E. L. 
Caum s.n.!), Kapiolani Park, Honolulu, 1923 (G. P. Wilder 50!), (G.C. Munro 1!), 
Heeia Bridge (F. E. Egler 37-137!), Waikiki, 1930 (Wilder s.n.!), Waikiki, 1916 (A. S. 
Hitchcock 13808!), Kailua, 1929 (H.St. John 10044!), Kailua stream, 1920 (Stokes s.n. !), 
Kipapa gulch, Waipahu, 1932 (E.Y. Hosaka 759!), Honolulu, 1919 (Stokes s.n.!), Ala 
Moana marsh, 1939, (M.C. Neal 1192!), Mt. Tantalus, Honolulu, 1953 (G. Pearsall 
s.n.!), sine loco speciali (H. Mann & Wm. Brigham 230!, O. Degener 8995!). 

MOLOKAI: Puko’o (C.N. Forbes 408-Mo.!). 

NUHAU: Southern end of island, 1912 (J. F. G. Stokes s.n.!).* 

Distrib. Southern Canada, United States, West Indies, Argentina, Australia. 

Hawaiian name: ‘kaluha’**. 

The difference between S. paludosus of North America and S. maritimus of 
Europe is very slight. Fernald and Beetle, after all, explained it as, in the shape 
of the achenes, that the base of the achenes is gradually rounded in S. maritimus, 
while it becomes cuneate in S. paludosus; and the achenes are lenticular in S. palu- 
dosus, but compressed or sharply trigonous in S. maritimus. Further, according to 
Fernald, S. paludosus can be distinguished by the color of its spikelets, whitish 
brown to drab, rather than cantaneous or fuscous. But, as Koyama has observed in 
the Japanese representative of the S. maritimus group (cf. Koyama in Journ. Fac. 
Sci. Univ. Tokyo 3, 7: 333. 1958), there is a very wide deviation in the size and 
shape of the achenes in many species of the group of Bolboschoenus. So far as we 
observed, specimens of S. paludosus are also quite variable, characterized by the 
much lighter color of the scales, somewhat obtusely-angled achenes, and less acute 
tips of the achenes. Therefore, in regarding S. paludosus to be a variety of the 
wide-spread S. maritimus, we quite agree with Kiikenthal, who stated ‘‘Die Variation 
zeichnet sich durch hellere Deckschuppen, linsenformige Frucht und zwei Narben aus.”’ 


2. Scirpus (Actaeogeton) juncoides Roxburgh. (Hort. Beng. 81. 1814. nom. nud.), 
Fl. Ind. 1: 228. 1820.—T. Koyama, Journ. Fac. Sic. Univ. Tokyo 3, 7 (6): 310-315, f. 
9. 1958. 

For the detailed synonymy, see Koyama 1.c. 

Distrib. sp. Japan, Ryukyus, Formosa, China, India, Malaysia, Micronesia, Aus- 
tralia. 

2a. var. Ohwianus (T. Koyama) T. Koyama, 1.c. 311, f. 9, b-g. 1958. 

Sc. Ohwianus T. Koyama, Bot. Mag. Tokyo 69: 212, f. 4, 1956. 

KAUAI: Waimea, 23 Oct. 1895 (A. A. Heller 2891!). 

Distrib. Japan, Ryukyus, Formosa, Philippines (Luzon). 

A new record for the Hawaiian Islands. This taxon is characterized by long 
thick spikelets, and thick culms up to 70cm. tall and 7mm. thick. It is the largest 
of all variants of the polymorphous S. juncoides. The only collection from Hawaii 
is Heller’s, which has the spikelets up to 23mm. long with more than 13 rows of 
scales. Its achenes are broadly obovate to almost obdeltoid, with 4-6 perianth bris- 
tles of various length, four of which are about equal in length to the achene. Its 
scales are obtuse to slightly retuse at the tip. Thus the specimens appear to be 
very different from the common Hawaiian race, var. Rockii, in the characters of the 
achenes and floral scales, and well agrees with var. Ohwianus of Japan. It is inter- 


* All specimens cited here are kept in the herbarium of the Bishop Museum (BISH). 
** Hawaiian names cited here have been given by Mrs. Mary K. Pukui of the Bishop 
Museum, Honolulu. 
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esting that we havea few other examples of species of Cyperaceae with a Hawaiian- 
Japanese link. They are the Carex wahuensis-Boottiana complex, and the Carex 
brunnea-Meyenii complex. Var. Ohwianus also seems to come under this geographi- 
cal category. 

There is another interesting aspect, however. According to Heller (Minnesota 
Bot. Studies 9: 803. 1897), ‘‘at Waimea, Kauai, a Scirpus was collected in taro ponds 
(viz. at relatively low elevations where Colocasia was grown-TK & BCS) which has 
not yet been satisfactorily placed. It is probably an introduced plant, allied to 
Scirpus debilis’’. If Heller’s supposition is correct, that it was introduced, it is likely 
that it was accidentally (or purposely ?) brought in with rice, which was to be grown 
in Kauai for them then by recent Japanese immigrants. The seeds of this Scirpus, 
perhaps, could have become intermixed with rice (either seeds or wet cuttings), and 
thus, after their introduction to Hawaii, could have spread. 

Finally, it does not seem too conjectural an idea to suggest that perhaps the var. 
Rockit, found not only at the highest elevations on Kauai, at 4000 feet, but also (at 
Kahili) in a bog at 1500 ft., might be a race of var. Ohwianus which developed after 
the introduction of var. Ohwianus; Alternatively, there is the possibility that var. 
Rockii, as such, may yet be discovered somewhere in Japan or nearby. Or lastly, 
that what has been assumed all along, that var. Rockii is a truly indigenous plant 
which arrived in Hawaii long before human inhabitants, is true. At present, there 
does not seem to be enough information to state definitely which of these three 
possibilities is most likely. However, it is almost certain that var. Ohwianus is of 
recent introduction, perhaps associated with the date of the early immigrations of 
Japanese to Hawaii, before 1890. 


2b. var. Rockii (Kiikenthal) T. Koyama & B. C. Stone, stat. nov. ex isotypo! 
Sc. Rockit Kiikenth., Fedde, Rep. Sp. Nov. 16: 432. 1920. 

KAUAI: Kokee, Lehua Makanoe bog (O. Degener, I. Degener, H. W. Hansen 
& R. K. Hanner 23943! in 1955), trail from Kokee-Mohihi road to Lehua Makanoe 
bog, 1938 (L. Cranwell, O. Selling, & C. Skottsberg 2933!), between Kokee and Kilo- 
hana, 1922, (Skottsberg 980!), Alakai swamp, with Oreobolus and Drosera, 1952 (O. 
Degener 21733!), Alakai swamp, Kokee, 1956 (B. C. Stone 1528!), ibid. (I. E. Lane 
56-612); —Hanalei-Kalihikai power line trail, 600-1600 ft., 1931 (H. St. John et ai. 
10970!), Halemanu, 1200m, 1927 (L. H. McDaniels 749!), Kaholuamano, 4500 ft., 
1909 (J. F. Rock 5141! isotype of S. Rockii), Wahiawa bog, base of Pu’u Kahili, 
1500 ft., 1957 (I. E. Lane 57-2!), 


Distrib. Endemic to Kauai. 
Hawaiian name ‘kaluha’. 


This is a Hawaiian population of S. juncoides Roxb., a species which is wide- 
spread over the Asian temperate and tropical regions. When Kikenthal described 
S. Rockii, he found its affinity with the North American S. Torreyi, a species having 
triangular culms. But in comparing S. Rockii with S. juncoides, especially the var. 
Ohwianus, it is seen to approach the latter in every character except the scale-apex. 
In var. Rockii the apex of the scales is always tipped with a short pointed mucro 
of varying length, while in var. Ohwianus, the scale apex is retuse with a very short 
mucro in the notch, not exceeding the upper margin of the scale. The perianth 
bristles are relatively shorter in var. Rockii and the achenes are slightly narrower. 
We are thus inclined to reinterpret S. Rokii as a variety of S. juncoides. Further 
remarks on the relationship to var. Ohwianus are given above. 
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Fig. 1. Scirpus juncoides var. Rockit (Ktikenthal) T. Koyama & Stone, stat. nov. 
a-e, h; from B.C. Stone 1528, Alakai swamp, Kauai. 
f-g; from I. E. Lane 57-2, Wahiawa bog, Kauai. 
apeeilabitae ey) 2 b. Inflorescence, x1. c. Flower, withscaleremoved, x5. 
d. Same, with scale, x5. e. Tip of leafless culm, x3. f. Achene, x15. 
g. scale, x10. h. Bristle, x 20. 
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As far as is known, this plant occurs only on Kauai. Of all these specimens, 
probably only two groups may be made, corresponding to two more or less similar 
boggy areas, first at Kokee and at about 4000 ft. elevation, the second near the base 
of Pu’u (Mt.) Kahili at about 1500 ft. elevation. The Hanalei-Kalihikai trail is another 
low-level area. Wahiawa bog is the name for the bog at the base of Kahili. 

Certain plants of these bogs fall into a geographic group included in a northern- 
hemisphere, temperate zone area. Such plants as Drosera anglica, the genus Viola, 
etc., occur in such areas. 


3. Scirpus (Lacustres) lacustris Linn., Spec. Pl. ed. 1, 48. 1753. 
subsp. glaucus (Smith) Hartman, Svensk. Og. Norsk Exc. Fl. 10. 1846.—-T. 
Koyama, Journ. Fac. Sci. Univ. Tokyo 3, 7(6): 321, 1958. 
forma luxurians (Miquel) T.Koyama, 1. c. 324, f. 9, d-e, 1958. 
Sc. Tabernaemontani Gmel. forma luxurians Miquel, Ann. Mus. Bot. Lugd.- 
Batav. 2: 143. 1856. 
‘Sc. lacustris Linn.’; Hillebr. Fl. Haw. Isls. 475. 1888. 
Sc. validus Vahl, Enum. Pl. 2: 268. 1806.—Neal, In Gardens of Hawaii, 80, 

1948. 

Sc. Tabernaemontani Gmel. forma australis Ohwi, Mem. Coll. Sci. Kyoto 

Imp. Univ. Ser. B, 18 (1): 121. 1944. 

OAHU: Kaau crater, Palolo valley, Koolau Mts., 1700 ft. alt., 1942 (H. St. John 
20319!), ibid. (F. E. Egler 37-318!), Nunanu valley, 1895 (A. A. Heller 2047! cited 
in Minn. Bot. Stud. 9: 803, 1897), Kapiolani Park, Honolulu, 1948 (G. C. Munro s.n.!), 
Hau’ula, northern Oahu, 1929 (E. H. Bryan, Jr. 695!), Ala Moana, Honolulu, 1939 
(M. C. Neal 1193 !), Hau’ula, 1916 (Forbes 2364. O.!), sine loco speciali (H. Mann & 
Wm. Brigham 25!, Galathea-Expedition in 1845-7!). 

KAUAI: Wahiawa bog, Pu’u Kahili, 2100ft. alt., 1933 (H. St. John & F. R. 

Fosberg 13556!). 

NIIHAU: southern end, in ponds. 1912 (J. F. G. Stokes s.n. !). 

MOLOKAI: Puko’o, along the shore, 1916 (A. S. Hitchcock 15112 !). 

For detailed synonymy see T. Koyama 1. c. 1958. According to this investi- 
gation, S. Tabernaemontani (=ssp. glaucus) can not be specifically distinct from 
S. lacustris s.str. of Europe. The distribution of ssp. glaucus covers the Eurasian 
continent, North America, Malaysia, and the Pacific Islands. In this large area 
are found two forms, viz. f. glaucus (=f. normalis Miquel), and f. luxurians, 
which are somewhat geographically separated. Forma glaucus is the northern pop- 
ulation, chiefly characterized by the spikelets always in groups of 2 to 4, and the 
scales dark red-brown with a broad fimbriate upper margin. Forma luxurians, on 
the other hand, is a southern population, of which spikelets are as a rule solitary, 
and the scales are ferrugineous-brown, with a narrower upper margin not exceeding 
the awn. The latter form occurs in southern Asia and the Pacific Islands. 


4. Scirpus (Littorales) californicus (C. A. Mey.) Steudel, Nomencl. Bot. ed. 2, 
538. 1841—Abrams, Illustr. Fl. Pacific St. 1: 274, f. 459. 1923—Beetle in North Amer. 
Fl. 18 (8): 504. 1947—Neal in Gardens of Hawaii 80. 1948. 

Sc. riparius Presl, Relig. Haenk. 1: 193. 1828—C. B. Clarke in Engl., Bot. 

Jahrb. 30, Beibl. Nr. 68, 36. 1901—non Persoon 1805, nec Poiret 1817. 


Elytrospermum californicum C. A. Meyer, in Mém. Sav. Etr. Pétersb. 1: 
200, t. 2. 1831. 
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Malacochaete Tatora Nees et Meyen ex Nees (in Linnaea 9: 292. 1834. nom. 

nud.), Nov. Act. Nat. Curio. 19, Suppl. 1: 90. 1843. 

Sc. Tatora (Nees et Mey.) Kunth, Enum. Pl. 2: 166. 1837. 
Schoenoplectus riparius (Presl), Tatora (Nees et Mey.), et californicus (C. A. 

Mey.) Palla, in Engl. Bot. Jahrb. 10: 299. 1888. 

Sc. californicus Steud. var. Tatora (Kunth) Barros, Darwiniana 6: 126. 1942. 

OAHU: Kailua, Kaalepulu stream, 1920 (J. F. G. Stokes s.n.!). 

MOLOKAI: Puko’o, 1912 (C. N. Forbes 9. Mo.!) 

HAWAII: Hamakua-Waikoloa, 2500ft., 1942 (E. Y. Hosaka 2659!). Distrib. 
North and South America. 

Hawaiian Name: ‘neki’ (Kauai), ‘aka’akai’ (Oahu), ‘nanaku’ (Hawaii). 

The Hawaiian plants of this species may perhaps be introduced. Beetle (1941, 
1949) is of the opinion that S. californicus and S. Tatora are distinct species. But 
we regard these two rather variable plants as conspecific. They have a distribution 
in the American continent, both North and South. Several varieties have been 
described both under S. californicus and under S. Tatora, and all those of S. Tatora 
were transferred to S. californicus by Beetle in 1949. One of them, S. californicus 
var. Chamissoi (Nees) Beetle, from Brazil, has not been examined by us, but the 
other three varieties, viz. vars. tereticulmis, paschalis, and spoliatus, are here treated 
as being the same taxon, which is characterized by its terete culms. The angularity 
of culms is in some species rather variable. Intermediate forms between angular 
and terete culms can be seen in such species as S. juncoides, S. littoralis, and the 
present one, just as C. B. Clarke stated when he reduced S. tereticulmis Steud. to 
S. riparius (=S. californicus) as ‘“‘Var. mihi trivialis, in S. riparium typicum sensim 
transiens.”’ (I. c. 1901). 


4b. var. tereticulmis (Steud.) Beetle, in Madrofio 6: 48. 1941. 

Sc. riparius Presl var. tereticulmis (Steud.) C. B. Clarke, in Engl., Bot. 

Jahrb. 30, Beibl. Nr. 68, 36. 1901. 

Sc. tereticukmis Steudel, Syn. Pl. Glumac. 2: 85. 1855. 
Sc. pseudotriqueter Steudel, 1.c. 2: 86, 1855, et in Lechler. Berber. Amer. 

Centr. 50. 1857. 

Sc. riparius Presl var. paschalis Kiikenthal, Fedde Rep. Sp. Nov. 16: 432. 

1920. 

Sc. californicus Steud. var. paschalis (Kik.) Beetle, Amer. Midl. Natur. 

41 (2): 459. 1949. 

Sc. californicus Steud. var. spoliatus Barros, Lilloa 1: 69. 1937. 

KAUAI: Kokee stream, 1922 (C. Skotssberg 987!), Kokee, 3500 ft. alt., 1929, 
(Smith, Whiting & Neal s.n.!), Waineke swamp, Waimea drainage basin, 1917 (Forbes 
852. K.!). 

Distrib. South America. 
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Studies on Seed Protein by Means of Turbidometric Titration, 
Especially in a Group of Brassica rapa L. 


by Yoshihide MOMOTANI* 


Received January 16, 1960 


A prompt and simplified qualification of seed protein seems to be very important 
in the study of the following problems: how many protein fractions are present in a 
single seed, whether the individual fractions show some characteristic variation or 
not, and whether the composition of protein as a whole is fixed within a race. 

In previous papers'), the author described the analysis of protein by means 
of titration curves obtained by ‘using ammonium sulphate solution as a precipitant. 
Besides, a suitable method for the subfractionation of serum protein was also pre- 
sented. This is named turbidometric titration. Recently, the turbidometric titration 
of synthetic polymers has been also reported by Morey et al., Harris et al., Dunn 
et al. and Melville?). 

In the present paper, seeds from a group of Brassica rapa L. were investigated 
by this method in respect to globulins in each grain. The results showed that con- 
spicuous difference was observed among several races as regards the nature of seed 
globulin. This seems, therefore, to provide a usefull tool for the study of affinity 
in plants. 


Materials and Method 


Seeds from some pure lines of Brassica rapa L. were used as material (cf. ex- 
planation of Fig. 5)?). 

The solvent for protein composed of 1 per cent aqueous sodium chloride, and 
25 per cent (v/v) of saturated ammonium sulphate (at 20°), and buffered with 0.25M 
of KzHPO,-KH:2PO, to pH 7.0. 

The ammonium sulphate solution used as a precipitant was 75 per cent (v/v) 
solution of saturated ammonium sulphate containing 0.25 M of Ks:HPO,-KH:2PO, 
buffer. 

The principle of this method lies in an application of the turbidometric titration 
curves to the analysis of a small amount of protein solution by means of precipita- 
tion method, instead of differential salting out*®). 

The turbidometric apparatus consists of the followings: a glass cell having a 
capacity of 16m/. and a light path of 30mm. long, a microburette through which 
the precipitant is put into the glass cell, and the phototube of an electrophotometer 
to catch the light beam through the glass cell. The electrophotometer is equipped 
so as to read the difference of turbidity before and after each step of the titration 
experiment. A stirrer rotating at 100 r.p.m. is inserted into the glass cell, which is 
tightly fixed in order to avoid mechanical disturbance. 

A solution containing 0.001 per cent of protein is taken into the glass cell, and 
the calculated volume of ammonium sulphate solution is added through the micro- 
burette. The mixture is thoroughly stirred for a few minutes, and the turbidity is 
measured at regular intervals. Following this first step of titration, the next calculat- 
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ed volume of ammonium sulphate solution is added, and the turbidity is measured 
again. The same process is repeated, and the quantity of protein salted out in each 
step is carefully estimated during the entire course of titration experiment. . 

As a protein solution becomes diluted by the addition of aqueous ammonium 
sulphate, the turbidity measured at each step is adjusted ona fixed volume basis 
according to the Lambert-Beer equation within the range!), in which it holds good. 
The calibrated values of turbidity (J) are plotted against the percent concentration 
(v/v) of saturated solution of ammonium sulphate (C). The increment of turbidity 
per increment of salt concentration (AT/AC) is plotted against C, as shown in Fig. 
1-1 and Fig. 1-2. The number of peaks on each curve in these figures corresponds 
to the number of component proteins. 


Fig. 1-1. Increase of turbidity (T) 
corresponding to an increase of con- 
centration (C) represented by per 
cent (v/v) of saturated ammonium 
sulphate. 

Fig. 1-2. Increment of turbidity at 
various concentrations of ammonium 
sulphate. 47 shows the difference 
between the values of turbidity before 
and after each step of titration. 4C 
alo 1-2 is the variance of the concentration of 
ammonium sulphate. 


25 30 Sie) 40 45 
Concentration of (NH4)2SO4 


Results and Discussion 


By means of the procedure stated above, the nature of globulin in each seed 
was carefully compared. 

The results have shown that the similar 47/4C-curves can be obtained from the 
seeds within the same pure line, as depicted in Figs. 2, 3, and 4. In fact, each 
globulin is composed of several components. 

From the comparison of the curves obtained from several pure lines, the major- 
ity of globulin components are very similar to each other within the lines, whereas 
some are apparently characteristic for each line (Fig. 5). 

Although some variation may be observed in relative amount of globulin com- 
ponents, the presence or absence of specific components is found to be definitive 
within the same line (Figs. 2, 3 and 4). 

Various seeds in the market were found, in general, to be similar with each 
other as regards their globulin components, while some of them gave quite different 
AT/4C-curve (Fig. 6-1). A representative 47/4C-curve is shown in Fig. 6-2 as the 
standard, and the curve of a globulin fraction obtained from 50 seeds is shown in 


July-August, 1960 Momoranl, Y. 297 


Fig 2 


Vac 


(NH 4)2SO4 


Fig. 6-3 (the solution is diluted twenty 
times as much with the same solvent). 
The curves in the last two figures resem- 
ble each other. 

The seeds of hybrid line showed ap- 
parently combination or segregation of some 
globulin components, exact data for which 
will be provided by further experiment. 
The same specificity has not been found in 
the case of electrophoretic examinations. It 
may be of importance to carry out further 
study on vegetable protein from immuno- 
genetic point of view. At any rate, it is 
shown from the present experiment that 
the seed globulin of Brassica rapa group 
consists of a number of components, and 
the majority of them appear to be genetically 
fixed, and that the globulin is specific for 
each of the breeding lines (Fig. 5). 


Fig 4 
as 


ee £830) 9i95 Siso. SE75 S50 
(NH4)2S04 


Fig. 2, Fig. 3 and Fig. 4. Reproducibility of turbidometric analysis on a single 
seed from the same pure line. Fig. 2: Hiroshimana (4X), Fig. 3: Hiroshimana (2X) 


and Fig. 4. Tydésen-hakusai. 


Here, it should be noted that the turbidity is not always proportional to the amount 
of protein salted out; the value of 4T is sometimes negative against positive value 
of 4C. Such a disturbance can be eliminated to some extent by decreasing the con- 
centration of protein, and almost completely by the addition of some chlorine ion’). 

It is not yet sufficiently established whether or not the turbidity at each titration 
step is brought into equilibrium in the salting out reaction. ‘The rate of turbidity 
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Fig. 5. Comparison of globulin com- 
ponents found in the pure lines. 5-1: 
Tenndji-kabura, a pure line in Brassica 
rapa, var. glabra Kitamura. 5-2: Shé6- 
goin-kabura in var. glabra K. 5-3: 
Honk6-akadaikon in var. japonica K. 
5-4: Tytsei-mibuna in var. laciniifolia 
K. 5-5: Nikanmetaisai in var. chinensis, 
subvar. longipetiolata K. 5-6: Taisai in 
var. chinensis K. 5-7: Taisaix Hiro- 
shimana. 5-8: Hiroshimana in var. am- 
plexicaulis, subvar. Hiroshimana K. 
5-9: Hiroshimana (4x). 5-10: Tyésen- 
hakusai in var. amplexicaulis Tanaka et 
Ono. 


5-9 
6-3 
5-10 
25 30 35 40 45 
25 30 35 40 45 50 (N Ha)z S Og 
(NH4)2S04 Fig. 6. Variation of seed globulins. 


caused by ammonium sulphate is apt to change within a minute. In practice, the 
increment of turbidity may be usually negligible and or even nullified after standing 
for 5 minutes. The turbidity reaches a steady state after 25 minutes. Therefore, 
titration was made at regular intervals of 5 minutes. The titration made at inter- 
vals of 20 minutes was found to be the same as above. In cases of more than 0.1 


per cent concentration of protein, the turbidity continued to increase even after 
standing for 20 minutes. 
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Summary 


Salting out behaviour of seed globulins in a group of Brassica rapa L. was stud- 
ied turbidometrically using ammonium sulphate as precipitant. By this means, the 
amount of seed globulin salted out could be easily measured stepwise during the 
whole course of experiment. The increment of turbidity per increment of salt con- 
centration (47/4C) was plotted against various concentrations of ammonium sulphate 
(C), as shown in the figures illustrated above. By this method the seeds were in- 
vestigated in respect to globulins in each grain. From the comparative study of 
these curves, it was concluded that in every pure line of Brassica rapa group the 
seed globulin is composed of several components, most of which are closely similar 
to those obtained from other lines, and that some characteristic components are also 
present in each line. 


Cordial thanks are due to Prof. S. Kitamura for his guidance and helpful sug- 
gestions throughout this work. Thanks are also due to Prof. I. Nishiyama for the 
supply of seeds from some pure lines. 
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Intraspecific Competition in Artificial Sunflower Communities* 


by Sumio Kurorwa** 
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In the study of intraspecific competition in an Abies forest on Mt. Shimagare’~*), 
causal analyses have been made regarding stand density, frequency distribution of tree 
size, and difference in productivity among tree size classes. The author, however, 
has experienced several difficulties in a logical comprehension of these problems because 
of variability in the physiological characteristics and uncertainty of habitat conditions. 
A simplified plant community which can be artificially controlled is an absolute 
necessity for fundamental analysis of the problem. 

By means of artificial plant communities, interspecific competition has been 
clarified by Iwakit) on the basis of dry matter production, and intraspecific competi- 
tion was studied by Clements ef a/.*) and recently by Kira et al.®:7), The experi- 
mentation based on dry matter production should also be achieved on intraspecific 
competition (cf. Boysen Jensen®) and Satoo ef al.*”)). 

In an artificial sunflower community the author has studied intraspecific competi- 
tion on the same line as in the previous studies'-*), clarifying that the cardinal factor 
in intraspecific competition, a universal phenomenon in social life of plants, is the 
productivity difference among the plants belonging to different size classes, which is 
caused by the vertical light distribution in the community. 


Methods and Material 


Field experiments were carried out in Tokyo, in the summer seasons of 1957 and 
1958. Before sowing, manure and chemical fertilizer were applied to experimental 
fields enough to minimize the competition for mineral nutrition. The plant used here 
was Helianthus annuus L. (variety; ‘‘ Large-Russian’’). The seeds were sown in a 
regular square disposition of four kinds of spacing*"), 5, 7, 10, 20cm. in both 
directions, or 400, 200, 100 and 25 plants/sq. m. The plot areas were 3X2, 5x3, 
5x4 and 5x5 sq. m., respectively. The sowing dates were at the 5cm. plot Sept. 
2, 1957, at the 10cm. plot July 5, 1957 and at the 7 and 20cm. plots July 1, 1958. 
The communities in all plots were set up with a normal frequency curve of seed 
weight (m=35 mg., g=13.9). 

About 50 plants included within a rectangular frame laid down were measured 
in height and weight. Out of them a few plants were taken out from each plant 
class as representatives, and cut into several strata, then divided into leaves, stems, 
petioles and roots, measured in their fresh and dry weights after the stratifying clip 
method!) (cf. also a previous paper'). On the other hand, as done by Kira e¢ al’.), 
the plants were estimated in dry weight without injuring them by stem volume index 
(=square of stem basal diameter x stem height), using a curvilinear relation deter- 
mined beforehand between those two measures (Fig. 1). Photosynthesis of leaves and 
respiration of each organ were measured by the partially modified Boysen Jensen 
method? *"*) (at 0.03 COs vol. percent). Electric photometers (Toshiba No. 5) were 
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used for the measurement of illumination in photosynthesis 
experiments as well as in determination of vertical light 
distribution in the sunflower stand. 


Stability of ranks of constituent plants in 
their height and weight 


The Abies trees defeated in intraspecific competition 
were found not only in the smallest class but also in the 
larger classes'). There, the rank in tree size of the con- 
stituent trees should be variable with the development of 
the stand. Such a mode of self-thinning and an unstability Pigyt. paeuon between 
of the rank in tree size might be due to random distribu- day weight (of total ae 

j ‘ : ‘ part and stem volume index 
tion of the Abies trees, because in the narrower spacing : 
the mutual shading of the canopies causes severer competi- pe Ae ee nae E 

: A 4 ameter x stem height) in 
tion for environmental factors affecting matter production constituent plants of a sun- 
(Iwaki‘), Hogetsu etal.”)). As for self-thinning in the flower stand (100 plants/sq. 
artificial sunflower community with regular disposition, it m.). 34 days after sowing. 
is important to clarify whether the rank of plant in size is 
stable during the development of the community. 

In the 10cm. plot (100 plants/sq. m.), about 50 plants were measured in height, 
and estimated in weight by the foregoing method at three growth stages, 22, 34 
and 46 days after sowing. The values of correlation coefficient obtained by Spear- 
man’s rank-difference method) were 0.82 in plant height and 0.79 in plant dry 
weight between the early and the middle stage, and 0.89 and 0.95 between the middle 
and the late stage, respectively. These high correlations indicate that the ranks, 
which were determined in the initial growth stage, of the sunflower plants in their 
height and weight were invariable in the regular disposition throughout the stand 
development. Moreover, the larger the seed in dry weight, the larger was the 
seedling grown from it (Tab. 1). Accordingly, it is conclusive that in an even-aged 
stand with regular disposition the con- 
stituent plants were destined to maintain 
the same rank in their height and 
weight as initially determined regarding 
seed dry weight. 


Plant dry weight (g.) 


Stem index (cm.*) 


Table 1. Relation between seed and seedling 
of 10 days old, in dry weight (mg.). Average 
of 20 individuals. Figures in parentheses 
indicate the relative values. 


Seed weight Seedling weight Ratio Within the constituent plants with 
stable ranks in the measures, the self- 

a de?) Whe 7) isin thinning should occur only in the plants 
Paniaie BO are) He of the smallest class, because such 
23;0(2-5) 59. (2.2) 1.37 plants are generally placed at the most 
17 (1.0) 27 (1.0) 1.59 disadvantageous position of the stand 


in light factor and consequently in dry 
matter production, as shown in previous papers'*). Actually, several suppressed 
sunflower plants belonging to the smallest class of the densest stand were defeated 
in the latest stage (see the latest chapter). 


Frequency curves of plant measures dependent on plant growth rate 


The above-mentioned stability of rank in measures, e.g. height and dry weight, 
implies that the difference between the measures at two growth stages of the plants 


302 Bot. Mag. Tokyo Vol. 73 


Table 2. Plant dry weight W, plant height H, leaf area F, daily increments (4W and 4H), 
relative growth rate (RGR =daily increment/plant measure), and net assimilation rate 
(NAR = daily increment/leaf area) of sunflower plants, 30 and 40 days after sowing. 

The plants were classified into three classes, dominant D, intermediate I, 

and suppressed S, at the initial growth stage (16 days after sowing). 


| 
w\u|F 4W 4H W-RGR H-RGR NAR | 
Class) () | (cm) | (ema) | (mg/day) | (mm/day)| (mg/day/g) | (mm/day/cm) | (mg/day em") 
3/% D.10025 |) 65. lo 453 e, M390 43 130 66 71 
e/s| I .75| 44] 180 40 25 54 .57 29 
% 18.) Sts 25]... 26| 92%) 622 12 25 45 07 
aves re Pie ae: a er 
S| | D |6.55 114) 790| 520 55 80 48 66 
ay aah inte mepty Ge 76") 152 23 25 23 36 12 
EN apeaeky trent Saige tT “Ge 0 9.6 0 26 0 
»| D |3.4| 34| 710| 510 27 150 80 72 
B/S] 1 j24) 28] 500) 310 | 22 130 80 52 
3/81] s |1.2| 21] 360] 110 16 95 75 31 
we — al . i 
8 »| D (|12.4| 88) 1640) 1340 115 110 1.3 82 
dda dey BuerisGcGuke  SSaiel O60 495 82 75 Ny 46 
N 
S ales Stu | (Lo Beapew’ 42a. 0 49 30 27 i 7 wl? 
400 plants/sq. m. 200 plants 25 plants 


Fig. 2. Growth of sunflower 
plants of three even-aged stands, 
400, 200 and 25 plants/sq.m. Left 
ordinates and solid lines, plant dry 
weight (upper) or height (lower). 
Right ordinates and broken lines, 
daily relative growth rate of each 
measure. D, I, S, dominant, inter- 
mediate and suppressed, respective- 
ly. In the 400-plants stand each 
class was subdivided into large (L) 
and small (S) plant classes. 


Days after sowing 
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belonging to the same class corresponds to their growth in the measure concerned. 
Fig. 2 shows time course of the two measures and of their relative growth rate (cf. 
Tab. 2). The constituent plants were classified on a dry weight basis at the initial 
growth stage (16 days after sowing) with normal frequency curve. As for plant dry 
weight, the dominant, specially of the sparser stand, kept an almost constant relative 
growth rate, but the suppressed rapidly decreased the growth rate in the course of 
time, especially in the denser stand. In the relative height growth rate, no such 
marked difference as observed about dry weight was found between plant classes of 
every stand over the whole growth stage. In a mathematical analysis of intra- 
specific competition, it was assumed by Kira ef al.*) that every plant class kept 
a relative weight growth rate constant throughout the whole growth stage, small 
plants relatively holding a lower rate. However, the author obtained the result that 
only the dominant sunflower plants could keep a constant growth rate, and those in 
smaller classes, especially the suppressed, rapidly decreased the weight growth rate 


with de i i 
pression of matter production. Pine Reent 


Plant weight 


% 


15 


20 


Fig. 3. Frequency histograms of fresh 
weight of total aerial part (upper) and 
plant height (lower), in an early growth 
stage (17 days after sowing, dotted poly- 
gons) and in a late stage (45 days after 
sowing, blank polygons) of an even-aged 
sunflower stand (400 plants/sq.m.). 


Fig. 4. Change of frequency distributions 
of plant measures (fresh weight of aerial 
part, and height) consequent on growth dif- 
ference among sunflower plant classes in the 
400-plant stand (cf. Fig. 3). Open circles on 


The frequency curves shown in Fig. line I and vertical fine solid lines indicate 


3 were constructed with height and 
fresh weight of aerial part which were 
actually measured in the 400-plant 
stand. The frequency curve of fresh 
weight transformed from the N-type 
to the L-type (these were designated by 
Kira et al.®) in the early period of 
growth, skewing more strikingly with 
stand development. The plant height, 
however, maintained the normal fre- 
quency curve throughout the period of 
development. These facts, which well 
accord with the results obtained by Kira 
et al.®"), will be elucidated with increas- 


respectively values of plant measures and 
classification of frequency curve in an early 
growth stage (17 days after sowing). Solid 
circles on curve II and vertical thick solid 
lines indicate those in a late growth stage 
(45 days after sowing). The measures of 
average plants of classes divided by the first 
classification have changed from line I to 
curve II after 28 days. The new classifica- 
tion with the same intervals has to be made 
for the new amplitude of the measure being 
shown by the horizontal arrows. The projec- 
tion of this classification upon the first fre- 
quency curve gives rise to the new frequency 
distribution. The area between thick solid 
lines in the first frequency curve indicates 
the real frequency in the new classification. 
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ing difference in weight growth rate and with invariable equality in height growth rate 
among plant classes. Provided the growth curve is known in each plant class, the 
change of frequency curve can easily be estimated by the drawing method illustrated © 
in Fig. 4. Also in the 25- and 200-plant stands this drawing method was adopted 
with the plant growth in Fig. 2 to confirm the changes of frequency distributions, 
and the results were more or less the same as obtained in the 400-plant stand men- 
tioned above. Moreover, the difference consequent on plant density appeared in the 
skewing of the plant weight frequency curves, but not in the plant height curves 
that remained in the normal type throughout the experiments. 


Role of light factor in intraspecific competition 


Boysen Jensen’) already suggested a great importance of light factor in competi- 
tion in the plant community. Recently Iwaki‘) and the author’: *) could clearly confirm 
that the lower productivity of the suppressed plants, which would often decide their 
fate, was mainly caused by their light condition deteriorated with shading by the 
canopies of dominant plants. In the sunflower stand concerned, therefore, the intra- 
specific competition should be studied with special consideration for light factor related 
to matter production. 


40- 16 days 


Plant dry weight Plant height 


20 


Leaf area in sq cm. 


0 2 4 6 8 
Plant dry weight in g. 


Fig. 5. Relation between the total dry 
weight and the leaf area of a sunflower 


plant. ‘The 200-plant stand, After 16 Days after sowing 

ays from sowing (upper): leaf stratum i i ines— i 

131 15410cuia high; 00% obveclatine Aight Fig. 6. Growth (solid lines—left ordinates) 
intensity, 2: 10-5cm., 70%. 3: 5-Ocm., and the relative growth rates (broken lines— 
55%. After 40 days from sowing (lower): right ordinates) of sunflower plant in relative 


leaf stratum 1: 120-100 cm. high, 85% of i i iti 
relative light intensity. 2: 100-80cm., ea eee Oh PDs, Sante ZA ABO PSs 
60%. 3: 80-60cm., 32%. 4: 60-40cm., Cent Mean values for 10 plants. 


15%. 5: 40-20cm., 5%. 


The vertical distribution of leaves within the stand was clarified in plant belong- 
ing to each size class. Fig. 5 shows the relation between the total dry weight and 
the whole leaf area of plant, and the position of leaves of each plant with varying 
dry weight. At all growth stages, the heavier the plant in dry weight, the larger 
was it in whole leaf area, distributing the larger portion of the latter to higher strata 
of the stand. The larger the plant in weight, the higher was the intensity of light 
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received by its foliage. This trend became conspicuous with stand development. Such 
a difference in light factor should be found not only between plant weight classes but 
also between plant height classes, because taller plants are generally heavier in weight. 

In connection with shade tolerance, many workers” *-) have studied experi- 
mentally the shading effect on plant growth, and observed, except for a few shade 
tolerant species, severe growth depression by shading, notably in sun plants. Such 
characteristics of shade tolerance may also have a close relation with the bearing of 
the plants in intraspecific competition in a closed plant stand. The sunflower plants 
were examined in dry weight growth as well as in height growth, and in each rela- 
tive growth rate, under a series of screens (Fig. 6). The seeds were sown on July 
1, 1958, with spatial interval sufficient to avoid the mutual shading with neighboring 
plants. The daily increment and the relative growth rate in weight decreased 
markedly with shading, but those in height were rather enhanced with screening at 
the early stage. At the late stage, however, the plants grown under 50, 75 and 100 
per cent illuminations reached almost the same height, but those under 30 and 20 
per cent illuminations were remarkably shorter. The leaf area development indicated 
a similar trend to the weight growth. 

These bearings of the sunflower plants under varying illumination, together with 
the vertical distribution of leaf and light in the stand, seem well to elucidate the 
difference in the weight and the height growth between the plant classes of the stand. 
The rapid decrease in weight growth rate of the plants grown in a 20 per cent 
illumination suggests the fate of the suppressed plants in increasing shade under the 
dominant’s canopy. 


Analysis of different productivity between plant classes 


Plant growth progresses through the interaction between physiological functions 
and environmental factors. Accordingly, ecological problems as to plant growth 
should be analysed from these two aspects and the obtained results should again be 
synthesized on the basis of matter production®). Such integrating procedure has 
brought about a better understanding of density effect (Iwaki"!), Hogetsu et al.)), 
interspecific competition (Iwaki!) and intraspecific competition in an Abies forest 
(Kuroiwa!-’). This was applied to the present study according to the procedure 
similar to that in a previous one’). 

The data obtained for matter production of the sunflower plants are summarized 
in Tab. 3 and Figs. 7 (respiration) and 8 (photosynthesis). Some remarks should be 
given here. In the leaf area ratio designated by Blackman**~**) (the ratio of the 


whole leaf area F to the plant dry weight W, one of the factors deciding the rela- 
tive weight growth rate), the suppressed is higher than the dominant because of 


larger value of leaf weight ratio (Watson), F/ leaf dry weight F). There were 
not observed any other marked differences in the concerned characteristics. In con- 
clusion, the principal cause for the observed marked depression in relative growth 
rate of suppressed plants seems to be the low actual photosynthesis resulting from the 
difference of illumination received between plant classes (cf. p. 168 in a previous paper’)). 

In order to prove the above-mentioned conclusion exactly, resynthesis of weight 
growth was made in each plant class, with combining physiological data and environ- 
mental factors*""). Daily gross photosynthesis per unit leaf area Pa at a certain 
height was calculated as Pa=KbIme-*¥/(1+ Kalme-**), where a and } are constants, 
Im is a daily maximum illumination, K is the extinction coefficient characteristic of a 
plant community (K=1 in the sunflower stand), and F is the leaf area index calculated 
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from the top of foliage to the height concerned (cf. Monsi and Saeki’), Davidson 
and Philip®), and Saeki*®). The calculated value is represented against F in the Fig. 
9 with a solid line (Jm=100 kilolux, daily mean temp.=25°). The figure also 
illustrates the leaf area distribution in each stratum and in each plant class of the 


Table 3. Leaf area ratio (F| W), leaf weight/plant weight ratio (F'/W), and leaf weight 
ratio (FF), in the representative sunflower plants shown in Fig. 2 and Tabie2: 
Signs Dal, oa. F, are the same as in Tab. 2. F indicates g. 
leaf dry weight per plant. F|W=F/WxF|F. 


200-plant stand’ | ~ 25-plant Stand 
Days after =| 16 | 30 40 16 30 40 
sowing... _| | 
F D 146 181 121 138 208 132 
w= I 150 239 190 147 245 161 
Ww S 182 | 374 222 159 298 226 
PF D 0.49 0.42 0.36 0.58 0.55 0.46 
oe I 0.49 0.41 O32 0.56 0.54 0.44 
W S 0.49 0.41 0.29 0.50 0.48 0.44 
PF D 297 436 336 239 380 287 
— I 308 580 592 262 450 365 
F S 372 912 766 314 620 514 
S 
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gate om: Fig. 8. Light-photosynthesis 
Ct curves in mature leaves of matured 
: sunflower plants. Each curve was 
drawn with ca. 10 measurements 
obtained in a few plants belonging 
Fig. 7. Temperature-respiration to each plant class in the 200- 
curves in matured sunflower plants : 
of the 200-plant stand. Above: plant stand. Signs mean the same 
upper three curves show the as in Fig. 7. The photosynthesis 


difference in upper part of stem curve used for the calculation of 
among plant classes (D, dominant; 


I, intermediate; S, suppressed), daily production is given by the 


and the lowest curve indicates broken line. Ordinate: mg. dry 
the equivalence in its lower ‘part matter/100 sq. cm. leaf area/hr 
among them. Below: respiration if } é : 
in various organs of a plant belong- at 20°. 

ing to the intermediate class. 


Temperature 
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sunflower stand, with combining the plant num- 
ber of each weight class in Tab. 4 and the 
vertical leaf distribution in Fig. 5. 

The total daily photosynthate produced 
by all the leaves in each stratum was shared 
to each plant class, in proportion to the area 
of the leaves concerned. The shares of photo- 
synthate of all the strata were summed up in 
each plant class, which brings about the daily 
total amount of dry matter production in each 
plant class. This amount was divided by the 
plant number concerned, and thus the mean 
daily gross production per individual of each 
class was obtained. 

Daily respiratory loss of matter in leaves, 
stems and roots was calculated with combining 
the dry weight of each organ with its respiration 
rate, practically of the intermediate plant in 
Fig. 7, at daily mean air temperature. The 
difference between the daily gross assimilation 
and daily respiratory loss corresponds to the 
daily increment of plant in dry weight. The 
calculated values for each plant class of the 200- 
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Production (mg. dry matter/100 
sq.m./day) 


Relative light intensity 


Fig. 9. Relation of leaf area 
index (F) to relative light inten- 


sity (broken line) and to daily 
matter productivity (solid line) in 
the 200-plant stand, 40 days after 
sowing. The figure also indicates 
the distribution of leaf area among 
plant classes shown in Tab. 4(D: 
blank polygon, LI: densely dotted, 
I: hatched, SI: sparsely dotted, S: 
black.) 


plant stand at the latest stage of the experiment (40 days after sowing—Aug. 10, 
1958—fair; max. illumination 100 kilolux; mean temp, 25°) were summarized in Fig. 


10 and Tab. 4. 


Table 4. Daily gross and net production in sunflower plants. 


The 200-plant stand, on 


August 10, 1958 (40 days after sowing—fine, daily max. illumination 100 kilolux, 


daily mean temp. 25°). 


Number of plants in each class was determined at 


the initial growth stage (16 days after sowing): D (dominant, 16 plants/ 
sq. m.), LI (larger intermediate, 32), I (intermediate, 58), SI (smaller 


intermediate, 64), and S (suppressed, 30). 


aft. 3 Dry Gross Respiration Mae ' 
weight production ‘eaves | Stems* | Reéots Sunk production 
€ D 6550 700 132.6 | 239.0 | 30.0 401.6 298.4 
=} LD 2520 271 65.7 92.2 12.6 170.5 100.5 
3 Ee I 1030 113 32.3 38.9 72 78.4 34.6 
=| SI 550 47.5 17.5 18.7 4.8 41.0 6.5 
3 S 280 21.4 10.7 10.8 3.0 24.6 | — 3.2 
ie D 105.0 11.19 a2 3.82 0.48 6.42 4.77 
&/ Lb 80.5 8.66 2.10 2.95 0.40 5.45 3.21 
ch I 59.7 6.57 1.88 2.26 0.42 4.56 2.01 
wo | SI 35.2 3.04 1.12 1.20 0.31 2.63 0.41 
Z S 8.4 0.64 0.32 0.33 0.09 0.74 —0.10 
wo 
© | Sum 289 30.10 7.54 10.56; +|:+ 1:70 19.80 10.30 


* Petioles 


are included to the stems. 
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The dominant class is superior in the gross 
and the net production to any other classes. 
The 16 dominant plants out of 200 plants in a 
square meter contributed 46 per cent to the 
total daily gross production of 30 g., and 46 per 
cent to the total daily net production of 10.3 g. 
On the contrary, the 30 plants of the sup- 
pressed class occupied only 2 per cent in gross 
production and performed rather negative net 
production because of larger respiration amount 
compared with the photosynthesis. 


Fig. 10. Daily gross production (whole poly- 
gon) and net production (black portion) of 
representative sunflower plants ing. dry matter/ 
plant. The 200-plant stand, 40 days after sow- 
ing (cf. Tab. 4). Dotted, hatched and blank 
portions indicate respectively the respiratory 
losses of dry matter in leaves, stem and petioles, 
and roots. Above: absolute values. Below: 
relative ones. 


In each plant class, thus calculated values in matter production considerably well 
accord with the daily weight increment and relative weight growth rate which were 
obtained by the actual measurement of plant growth (compare Tab. 2 with Tab. 4). 
Also in the 400-plant stand, such accordance was found in the earlier growth stage 
as well as in the later. In conclusion, the difference in relative weight growth rate 
between plant classes can be logically elucidated by taking microenvironmentally the 
difference in light factor between them into consideration. This proves very clearly 
the importance of light factor in the growth competition. 


Summary 


1) Intraspecific competition was studied in artificial sunflower stands with four 
kinds of densities. The stands were set up with normal frequency curves of the seed 
weight. 

2) The rank of the constituent plants in plant dry weight and height was des- 
tined to keep the same rank as in the initial weights of sown seeds. Self-thinning 
occurred only in the smallest class with the worst light condition for matter production. 

3) Skewing of frequency curve of plant weight was induced by the difference 
of weight growth rate among the plant classes, while maintenance of normal frequency 
curve in plant height was resulted from the equality of height growth rate among them. 

4) The differences among the plant classes were discussed of photosynthetic and 
respiratory activities, and of other characteristics concerned with matter production. 
However, they were not so conspicuous as to give rise to the difference among the 
classes. The most striking factors concerned were the vertical distribution of light 
and of leaves in the stands. 

5) The importance of light factor in intraspecific competition was proved by the 
shading experiments, and furthermore by calculation of difference in daily matter 
production among plant classes with combining the photosynthetic and respiratory 
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rates and light (and temperature) factors determined experimentally. 


The author is much obliged to Prof. M. Monsi for his judicious advice and 
valuable guidance, and to Assistant Prof. S. Yokogi for his making facilities availa- 
ble for carrying out this work. 
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Electron-microscopical Study on Fine Structures 


of Diatom Frustules. XVIII 


by Haruo OxuNO* 
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Rhizosolenia alata Brightwell f. indica (Peragallo) Ostenfeld (Text-fig. 1a ;@Pliels 
fig. 1), Hustedt, Kieselalg. 1: 602, fig. 346 (1930); Desikachary, Mikrosk. 9: 172, figs. 
10-14 (1954). , 

Cells much larger than the type species. In the present specimen, the frustules 
about 110 in diameter and 300% in length. Intercalary band scale-like, about 40x 
12, arranged in longitudinal rows. In shape and number of rows of the intercalary 
bands, this form akin to Rhiz. Temperei and Rhiz. Castracanei, but distinctly differs 
from them by its tubelike, more or less curved oblique setae. Frustule pores on 
calyptrae and intercalary bands are locular. Loculi on the calyptra, usually round or 
elliptical, arranged in longer and shorter longitudinal rows about 35-42 in 10u. In 
each row, the loculi about 30-36 in 10. In the present stereoscopic observation, it 
was ascertained that the loculi are opened inwards directly into the cell interior and 
closed outwards by the sieve membranes (the same is in the intercalary bands). The 
outer sieve membrane has 1-3 irregularly arranged round sieve pores about 40-50myz 
in diameter. The inner membrane rudimental, or may be absent. The interlocular 
space, which is light microscopically smooth, shows super-fine spongy porous struc- 
ture. Loculi on the intercalary band usually regular or non-regular hexagonal (in 
those surrounding the interlocular pore, often heptagonal), about 30-36 in 10%, arranged 
in different quincunxes on different parts of the band; diameter about 250—-400mz. 
In the present stereoscopic observation, it was elucidated that the loculus is closed 
outwards by a sieve membrane and half closed inwards by an inner membrane with 
a large central opening. (Desikachary described the structure of the loculi of this 
form as follows: ‘‘The areolae are partially open to the outside and on the inside 
is the sieve membrane.’’!) This description based upon his non-stereoscopic observa- 
tion is quite contrary to my present stereoscopic observation, and is not correct. His 
misconception of the position of elements of loculi, I suppose, was caused unavoidably 
by his non-stereoscopic microscopy. The outer sieve membrane very thin, seems to 
have six marginal sieve pores (30-40myz in diameter) at the six corners, and in addi- 
tion to these, there is one or two sieve pores or poroids in the middle of the mem- 
brane which can be seen more clearly than the marginal ones through the opening 
of the inner membrane. Inner membrane of the loculus is apparently spongy porous, 
and is provided with a large round central opening about 150-250my in diameter, 
Details of the lateral membrane of the loculus could not be revealed in the present 
research, and it has not been possible to find if there is any pass pore on it. The 
depth of the loculus could not be accurately measured, but judging from the stereo- 
scopic image, it may be concluded that the depth is nearly equal to the diameter. 
Interlocular pores, about 30-50my in diameter (the rudimentary loculi; Desikachary’s 
“‘canal pore”), are scattered about on the entire area of the intercalary band, and 
do not have any definite arrangement of regularity in the distance between each 
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other as mentioned by Desikachary'). They are usually rectangular, and open on the 
inside by a rectangular opening and closed on the outside by a sieve membrane with 
a linear (?) sieve pore. Fine structure of the loculus of intercalary bands of the 
present form coincides, in its fundamental structure, with that of the type species?). 
On the other hand, f. inermis?) and a doubtful form?), respectively show quite different 
structure in their sieve membranes. In f. inmermis the sieve membrane has two 


parallel lens-shaped sieve pores (correspond to Hendey’s frustule structure No. 8°)), 
and the doubtful form has no distinct sieve pores but minute poroids (Desikachary, 
fig. 21). Generally speaking, such a non-coincidence of fine structure between different 
forms of the same species is rather exceptional, and further detailed research of 


these forms is expected. 


Habitat: Marine plankton. Harimanada, Seto Inland Sea, Hydgo Prefecture 
(Okuno, No. m1324. Aug. 1958). 
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Text-fig. 1. a, Rhizosolenia alata f. indica (x200). b, Rhiz. imbricata var. Shrubsolei 
(x<1000). c, Mastogloia angulata (800). d, e, Mast. apiculata (d, x1000. e, x 2000). (a-d, 
Light micrographs. e, Electron micrograph.) 


Rhizosolenia imbricata Brightwell var. Shrubsolei (Cleve) Schroder (Text-figs. 
1b, 2A; Pl. I, fig. 2), Okuno, Bot. Mag. Tokyo, 70: 104, pl. 1, figs. 4a, b (1957). 

I already reported in my previous paper above mentioned, some of the electron 
microscopical fine structures of this variety observed by the non-stereoscopic electron 
microscopy, and further reviewed the Desikachary’s electron micrographs which he 
published under the name of this variety and of Rhiz. sp.*) In the present stereo- 
scopic observation, the following facts were ascertained or more correctly found: 
Loculi are closed on the outside by the sieve membranes and open almost fully on 
the inside. The ratio between the length, breadth and depth of the loculus is about 
2-2.5:1:0.7-0.8. In loculi along the longitudinal axis of the intercalary band, the 
length and breadth are usually much reduced, and the directions of the diagonal 
sieve pores are irregular. The diagonal sieve pore is usually a single linear slit, 
sometimes it is divided into several minute oblong pores, or it is closed outwards by 
a thin membrane. The sieve membrane is somewhat thick on its outer margin and 
from there becomes thin gradually to the border of the sieve pore, and sometimes 
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has scattered minute granules impenetrable to the electron beam. Such granules 
were sometimes found also on the limb of the intercalary band. The sieve membrane 
and the limb of the intercalary band distinctly show the fine spongy porous structure. 

Habitat: Marine plankton. East China Sea (32-54N: 124-12E) (Okuno, No. m932r 
Sept. 1953. Collected by H. Maeda). 

Mastogloia angulata Lewis (Text-figs. lc, 2C; Pl. I, fig. 3), Okuno, Bot. Mag. 
Tokyo, 70: 222, pl. 7, figs. 2a-c (1957). 

In my previous paper above mentioned, I reported some of the fine structure of 
this species observed by the electron non-stereomicroscopy. In the present stereo- 
microscopy, further details of the three dimensional character of the fine structure 
of the frustule wall was much clearly revealed, and accordingly some of my previous 
description of the fine structure must be revised here. The present research reveals 
the following structure: Loculi in the central part of the valve, usually non-regular 
hexagonal, arranged in slightly radiating rows, about 9-11 in 10, and in each row 
loculi about 8-10 in 104. Loculus opened outwards and closed inwards by a sieve 
membrane. Ratio between the diameter and the depth of a loculus seems to be 
nearly equal to 2:1. The outer membrane narrow, marginal (about 10-15my broad), 
leaving a large round opening about 70-80myz in diameter. The inner membrane is 
divided into two parts, the central dome-shaped area projected outwards (diameter 
about 400-600m/) and the marginal flat area. The central area on its margin with 
a circular row of round sieve pores about 20-30my in diameter, and sometimes 
scattered with several pores inside the circle. The lateral membrane of the loculus 
seems to be non-porous. Transverse row of the hexagonal loculi ends on the margin 
of the valve in a double row of small incomplete loculi (the secondary loculi®)) about 
2 in 1g, and each double row represents a transversely elongated marginal compound 
oculus (the primary loculus’)). In the secondary loculus, the inner sieve membrane 
does not seem to be projected centrally, and has scattered round sieve pores over 
the whole area. Outer membrane of the secondary loculi indistinct, or may be 
absent. The marginal primary loculus seems to have a little higher lateral membrane 
than the central hexagonal loculi. 

Habitat: Marine, littoral. Minato, Seidan-ché, Awaji, Hydgo Prefecture (Okuno, 
No. m1020. Aug. 1955). 

Mastogloia apiculata W. Smith (Text-figs. ld, e. 2B; Pl. I, fig. 4), Synop. Brit. 
Diat. 2: 65, pl. 62, fig. 387 (1956); Hustedt, Kieselalg. 2: 515, fig. 946 (1933); Mills, 
Index Diat.: 898 (1933); Cleve-Euler, K. V. A. Handl. 4, no. 5: 58 (1953). 

Valves elliptic-lanceolate, with more of less produced ends. Length 47-60 
(40-90); breadth 22 (16-24)”. Marginal loculi about 2 4 broad, quadrate, 8-9 in 10, 
inner borders flattened, forming a band, ending near the ends of valve. Transverse 
rows of loculi 15-16 (15-20) in 10, slightly radiate; loculi 18-20 in 10,, forming undu- 
lating longitudinal rows. The present electron stereomicroscopy reveals the following 
structure: Valve surface concave, submarginally highest, falls down gradually 
towards the raphe and abruptly towards the margin. Valve wall, doubly locular. 
Primary loculus which corresponds to the transverse row of areolae or alveoli of 
the light microscope image, is transversely elongated, and fully opened towards inside 
and closed towards outside by a lamina of secondary loculi. Lateral wall of the 
primary loculus is transverse, very thin, slightly thickened at its inner margin, and 
apparently hyaline, but it is finely spongy porous as the other parts of the valve 
wall. The transverse lateral membrane may be slightly projected outwards as a low 
‘amella. Secondary loculus rectangular, about 500x650 my, 18-20 in 10, arranged 
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Text-fig. 2. Diagrams of fine structure of diatom valves reconstructed from electron 
stereomicrographs. A, Rhizosolenia imbricata var. Shrubsolei. B, Mastogloia apiculata. C, 
Mast. angulata. (ca, Central area of inner sieve membrane. im, Inner membrane. io, Inner 
opening. Im, Lateral membrane. Imr, Lateral membrane of raphe. Jlpl, Lateral membrane 
of primary loculus. lsl, Lateral membrane of secondary loculus. om, Outer membrane. 00, 
Outer opening. pl, Primary loculus. r, Raphe. rlm, Rudimentary lateral membrane. sl, 
Secondary loculus. sm, Sieve membrane. sp, Sieve pore.) 


in a transverse single row in each primary loculus, and closed towards outside by a 
sieve membrane and open freely on the inside into the primary loculus. The outer 
sieve membrane, with a thin round central area about 300-400 my in diameter and 
the thick margin provided with four round sieve pores (60-70 my in diameter) at the 
four angles, and in addition to these, sometimes, there is a sieve pore inside the 
middle of the transverse margin of the membrane. Central area of the sieve 
membrane very thin (often destroyed during preparation), with scattered fine pores 
or poroids and distinctly spongy porous. The longitudinal lateral membranes of the 
secondary loculi very low, slightly projected inwards, and the inner cover membrane 
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absent. Axial area of this species which hitherto misunderstood by its light micro- 
scopical image to be a thickened border of the raphe or a sort of rib run along me 
raphe, is elucidated in the present research, not to be a thickening ora rib, but to be 
a doubly laminar part along the raphe. The inner border of the outer membrane of 
the primary loculus turn inwards along the raphe and then bent back sidewards to 
run parallel to the outer membrane for about 1. The part turned inwards which 
represents the side wall of the raphe is apparently smooth. The side turned, paral- 
lel running part is smooth and transparent enough for the fine structure of the outer 
membrane to be seen through it. Such a parallel running inner membrane of the 
valve on both sides of the raphe was also found by me in the raphe-valve of Coc- 
coneis ceticola’). The electron stereomicrographs of Achnanthes hungarica’*), Ach. 
longipes*), and Pinnularia appendiculata”) show much thicker side wall of the raphe, 
and in such a case the axial area can be described being ribbed. From the present 
observation, it may be stated that such a doubly laminar structure of the axial area 
is to a certain extent common to the locular raphe-valve. In the light microscopy, 
the raphe of this species was considered to be a single straight fissure on its whole 
length and described being ‘‘straight’’, but in the present electron microscopy, it was 
elucidated that the raphe is a vertical slit of about 50my breadth, and at least in 
the middle one-third is folded or may be divided into the two, straight and acurate 
fissures by a thin oblique septum. Most of the diatoms hitherto researched with the 
electron microscope showed the straight raphe, and only in a few species, the folded 
raphe was found. In electron microscopy, the straight raphe was found in Achnanthes 
lanceolata"), Amphipleura rutilans'*), Amphora ovalis var. pediculus''), Cocconeis 
ceticola’), Cocc. scutellum™), var. parva'®), Cocc. stauroneiformis), Diploneis cherso- 
nensis (Okuno, unpublished), Mastogloia Smithii!*), Navicula pelliculosa®-*'), Nav. 
bygmaea™*), Nav. tripartita®*), Nav. sp.?°), Phaeodactylum tricornutum**), Rhoicosphenia 
curvata*). The folded raphe was found in Mastogloia Braunii?®) and Navicula 
Trompii®"), and the canal raphe was found in Epithemia sorex*®), Nitzschia sp.”°), 
Rhopalodia musculus*), Surirella gemma**). 

Habitat: Marine littoral. Seidan-chd, Awaji, Hyégo Prefecture (Okuno, No. 
m1020. Aug. 1955), 


Summary 


Fine structure of the frustules of four marine diatoms are described presenting 
their electron stereomicrographs. 

Rhizosolenia alata f. indica: Both loculi on calyptra and intercalary band are 
closed outwards and opened inwards. Loculi on the calyptra round or elliptical, ar- 
ranged in long and short longitudinal rows. The outer sieve membrane has 1-3 ir- 
regularly arranged sieve pores about 40-50 my in diameter. Loculi on the intercalary 
band hexagonal, about 250-400myz in diameter, in quincunxes. The outer sieve 
membrane has six marginal sieve pores each about 30-40 mz in diameter. The inner 
membrane has a central opening about 150-250 myz in diameter. 

Rhizosolenia imbricata var. Shrubsolei: Loculi parallelogramatic on the inter- 
calarly band, closed outwards by a sieve membrane and almost fully opened inwards. 
The outer sieve membrane has a long diagonal sieve pore, which is often divided 
into several minute pores or closed by a delicate membrane. 

Mastogloia angulata: Loculi hexagonal in the central part of the valve, opened 
utwards and closed inwards. The inner sieve membrane has a central dome-shaped 
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projection with a circular row of sieve pores each about 20-30 my in diameter. On 
the margin of the valve, each row of the hexagonal loculi ends in a double row of 
small incomplete loculi which represent the secondary loculi. 

Mastogloia apiculata: Primary loculi transverse, groove-shaped, each closed 
outwards by a row of secondary loculi, and opened freely inwards. Lateral membranes 
of the primary loculi are spongy porous. Secondary loculi rectangular, about 500 x 
950 my, each closed outwards by a sieve membrane with four sieve pores at four 
angles. 

The electron stereomicrographs in plate I and II of my previous paper (Bot. Mag. 
Tokyo, 72: 61-67) were presented by the halftone black and white printing, and when 
viewed with a magnifying stereoscope, the meshed image of printing is seen disturb- 
ing the correct understanding of the fine structure of the diatom frustules. The fine 
structure of frustules shown in such micrographs will be correctly understood by 
viewing them with naked eyes. The method of such viewing was described in my 
previous paper. 


References 


1) Desikachary, T. V , Mikrosk. 9: 172 (1954). 2) Okuno, H., Journ. Jap. Bot. 27: 353 (1952). 
3) Hendey, N. I., Journ. Quekett Microsc. Cl. Ser. 4, 5: 160 (1959). 4) Desikachary, T. V., 
Mikrosk. 9: 170 (1954). 5) Okuno, H., Rev. Cyt. et Biol. Végét. 15: 238 (1954). 6) Desikachary, 
T. V., Amer. Journ. Bot. 41: 616 (1954). 7) Okuno, H., Journ. Jap. Bot. 29: 271 (1954). 8) 
Helmcke, J.-G., and Krieger, W., Diat. Elektr. Bild, 1, pl. 51 (1953). 9) Okuno, H., Bot. Mag. 
Tokyo, 72: 66 (1959). 10) Helmcke, J.-G., and Krieger, W., Diat. Elektr. Bild, 1, pl. 74 (1953). 
11) ——, ibid. 1, pl. 53 (1953). 12) ——, Zeits. Wiss. Mikrosk. Techn. 60: 197 (1951). 13) 
Kolbe, R. W., Ber, Deut. Bot. Ges. 61: 94 (1943). 14) Helmcke, J.-G., and Krieger, W., Diat. 
Elektr. Bild, 2, pl. 181 (1954). 15) mibid maseplee4 (1953), 16) Okuno, H., Bot. Mag. 


Tokyo, 70: 221 (1957). 17) ——, ibid. 72: 217 (1959). 18) Helmcke, J.-G., and Krieger, W.., 
Diat. Elektr. Bild, 2, pl. 160 (1954). 19) Kolbe, R. W., Ber. Deut. Bot. Ges. 61: 93 (1943). 
20) Lewin, J. C., Journ. Gen. Microbiol. 9: 305 (1953). 21) ——-, Canad. Journ. Microbiol. 3: 


427 (1957). 22) Helmcke, J.-G., and Krieger, W., Diat. Elektr. Bild, 1, pl. 71 (1953) 23) ——, 
ibid. 2, pl. 176 (1954). 24) Lewin, J. C., Journ. Gen. Microbiol. 18: 427 (1958). 25) Helmcke, 
J.-G., and Krieger, W.. Diat. Elektr. Bild, 1, pl. 56 (1953). 26) ——, ibid. 1, pl. 57 (1953). 
27) ——, ibid. 2, pl. 175 (1954). 28) ——, ibid. 1, pl. 80 (1953). 29) Kolbe, R. W., Sv. Bot. 
Tids. 45: 642 (1951). 30) Helmcke, J.-G., and Krieger, W., Diat. Elektr. Bild, 1, pl. 83 (1953). 
31) ——, Verh. Deut. Zool. Ges. Wilhelmshaven, p. 439 (1951). 


tai z 


Be AE: BTGRIC LARA AOM XVIII 


DED 4 RHO VTE AER O FR 5c OR A 8 RIT OV Cait Lie. 

Rhizosolenia alata f. indica: #2 (Calyptra) OFLBIAAG Ect CHEMicz&e UO, Halal ar 
(Intercalary band) DFLBIZAREC, 60° (CRbHS3EMRNMNCKSS. LRA PAHPOUTHOS 
D&ACAAEWC, LCOPMAMAARFLE &OMMRL 7D, AMR E<, PRICAEVAFLE SO. Rhizo- 
solenia imbricata var. Shrubsolei: ARIA OFLA LIA < HRA CH DO, SHR Cit aR 
HAICMIBOMFLDS Lob Ss. FLEE SICBMMOUICHENCOSBR LHS. APLMFLIL SC 5 
$<, FLRRWIcAo CUPESEMS. MIRICET RONG BREW IMFO HHT CHES NONE. 


316 Bot. Mag. Tokyo Vol. 73 


AWLIL7BSE Ca S. Mastogloia angulata: withFHic £ » FLAVA Cao < £ OSH Lie. 
KOA BAT (EME, 70: 222) Ci AFA D> b HEL CILBA ADAH Cd 5 Lac Lich, Sali 
b Chott. FLBUKABEEATE L, BONITO, FOMMAEDDSTHES, FLEIZANIG < Fl 
<. PRR HAAR BAS F— RITA AIL, SOS DICBERIC TE OAT MFLIF DS S.- EERO AKC 
SS ILBINES DICE 2 FOUBRICAN TOS. THb 2IFOO\ILBAEHO BMI b OF 
AUR LI¢S. Mastogloia apiculata: JLRS HAABIHC, La boMtLB Lid. KIL (KALB) 
RET SRIRILEC, COMME 1 WOXLRKILE COIL) SCAU, ARSE TS.- -RILKBAHSF 
RaugehoIc Areolae €7-jt Alveoli 2BMANELOT, TOMMAGMBIC LMF OOMILE % OMI 
CEESH, AMA < —KFILE ICAP 3. 

#17 4 (HME, 72: 61-67) CILEMFRMK (Pls. I, I) + MAFRRKELKOT, ye — SKA BEC 
AB ICHRIM ADA, ERMA LEX ODL GR Lok. Thb5 aR SAETCHT, 
A ME 8 2 PRA X dures. (REDE A EZ FTES) 


io bed =) 


Fig. 1, Rhizosolenia alata f. indica (upper 


Pairs of electron stereomicrographs. 


ambricata var. 


Rhiz. 


2, 
gloia angulata. 4, Mast. apiculata, Scales: 


the intercalary band). 


3, Masto 
(When viewed through the stereoscope with parallel visual axis 


show the inside view, and Figure 4 shows the outside view.) 


’ 


the calyptra; 
Shrubsolet (intercalary band 


1 


, 


part 


lower part 


Ne 


-3 


Figures 1 


’ 


be 


Electron-microscopical Study on Fine Structures of Diatom Frustules. XVIII 


H. OKUNO: 


Bot. Mag. Tokyo 37 : 317-325 (July 25, 1960) 


Micrococcus glutamicus ) #i ff 


vi 


“FAY Ut 


A RVERRITH LIST biotin OHBitowe 


we 6 od 


Shiro ITAGAKI*: 


OB 


Cytological Studies on Micrococcus glutamicus. 


Part IV. The Effect of Biotin on the Morphological 
Character of Micrococcus glutamicus. 


1959 4 12 9 15 Hae 


if 


Dil 


Micrococcus glutamicus yx, biotin *#iH (2.5 
1/1) RIN Lic AACE CO BRIT Isc, 
RR Ar7c BYES, —AANE TRE RT, 
CHIEMHARA CHS biotion RKSLTTWHSRYH 
KEAAARB Ch br, SMIVKLERT SS 
DCHECERAOF CCM LE). 

Ete, BROS SRC XHw® T fit W7e meta- 
chromasy && LOT MBADBKAShH, COLOO 
ARRILISE 5 < LRANYED BY Y VIRCHS 5 & 
yi<7e2). © ® metachromatic granule ({\ fF m. 
granule £m) (&, Fete, HRM 7c Lic ko 
CHEW HERE LOT. 

{laltx biotin & AIBRRORMK & PICBA L, 
M. glutamicus (cjRFS MROMIcbENEHV 
<bROWA OBE RYDE. 


RRM His LU RRAL 


{se FARRIS LO Se hth 

Micrococcus glutamicus 516, 534, 541, 560, 
582, 588 3s kU 591 OT REA. 

( FA BeHIL (AS 1 4) lc BAHK Lv glucose bouil- 
lon LOA MHS Avie. KEL, ABEHIO 
biotin Bit, @RRAAO Mica MLK Kc, 
MAOREICWML, EKAWICLo CRNA 
ds EU corn steep liquor #¥K jn Lr. 

SG te 

eth e 250ml =fA7 7 x~21c 50 ml Pop 


* AIBA TSA SER ROE Tokyo Re- 


search Laboratory, The Kyowa Fermentation 
Industry Co. Ltd. 


x, rotary shaker (<-C 28° CHL. 

glucose bouillon Aij84% 5ml ei L, 4E 
PER EETKIC CHER, Xb ICME BRE IC RS 
L, The EOE EARBMWICE LE. tihkbb, 
Bi EGA OD HAH BL Ty DS AR RSH ICHRAT SCL RB 
&, FHA 10% ELK. >< UTHER LOOH 
BORRICHAROANeERERL, Bike, pH & 
WEL, aT methylene blue #Hic L5H 
7¥, m. granule 72%, MiMRAHIc LS septa O 
Wits LO AITBO BRE Cie oie. 


ts R 


1. biotin S202 
——£4, pH, septa #¥ptts LU m. granule 
DIB BIE OV T 

EAA EHLITK L, biotin & 0~5007/1 (9 & 
ba) Yon Lv GF 1 R). 

AAS, HMMA Le AA Kc LSLOLWM 
AI RNICHES SieHL, HRKO pH BLAS 
fe, PH OMMie Isc he bikbdok. Lieto 
C, HAO#AICL Oe 5 PH OBER RICLAE 
HUMES ANSCLELELZSNAOTC, HEROR 
HEE LTE PORE CHS. CORED, HRAHMRG 
Alh, PPRRERHR LOTTA, — Ic biotin 
Ds S7/l AE CHER PRE CHS. 

(MlLB)CLOTHAR, hicMACLICAE 
Clipe 0 PRED GR <M. glutamicus 7 KOR 

He LOSPFTb%OLWZLI. EK, m. granule 
OPM be ORELR LIFE LOTA, TOG 
BEA AEHS CRBS ST LULA ICE CHS. 
Mudd 68) (t Corynebacterium diphtheriae 
RIKI #bDT O ic Index of Metachromasy 


Bot. Mag. Tokyo Vol. 73 


318 


4:4, pH #1b, septa ts LO 


BOGE 


xf A biotin 


m. granule O7%i%—— 


‘= 


1 M. glutamicus | 


v pee ee + 4 +++ 4+} + Te+ 
See rere rdbtth i 4 ehh a wa ia Bie STF wo 11 ft Bel eo I ee ete re ee Se 
3 Pures + + +++ 4 + | T+ 4 
i) = = 2 1 _ = —— 
| + | | 
= | H+ 4 [oe 4 4 
ee Ape rae rare ae pes Semel ene ey ee ape ee oti te ee eS ee eee ee 
co | 
Ss i os im (nS —_ a a 
\H+ tt H |+ + HH H+ttyt | ft a Soe + 
||) Qe goanar vile bttd, eileen ae Pie OES PS aw ile Pe ES i Aida oi Pie tte eee 
1 | +++ t+ + ++ + + ++ tt + | a We ee 
| | | / 
ee Ps as Se . i Ne. Le —— ~ ie ae SS J 
| § a) | | | } 
| @ SNA HAAS + + +i 1 11 a On) A om an my ele ae Bee oe ee ee ee 
fel o | | | 
Pectne voapoosoe+acnire weg aber dyer rae + gorge. 
on ee ree een) Remar ered oer reer e Feet eat en Oe 
yeep ape rearing a a em lope ep hep BSED ay ED ep CHD ED OD HD EH RHE GY CPT mT ERE EPS Pepe Tees 
[et tt eS ES Serta aes Ss en cs cen Pc ie ce ce oe hc oe ee ap rhe ee OO ee ae oooceonaAnNdS 
NU UD A I 1 PLD 09 OU (OHO 10 0.09.09 | 9 [LL 1 9 tH OD 08 LD HHL 1 09 HOD KO HOD OD 0 HOD 
ep Sop ep ns epee ap ep ma RIED pene aap te ODED ED ED Op ns He MORPETH TIT MPSS CH CD ED SHC FPR SP EP ED EPSP ED ED 
8 FAN FH OOCCO MAAN NOOoOoOo AA HH OOOO NH HHH HOCOO FHA HOCOO NAAN OOoOOo joie ys 4 ae = 
[or = 
Ps Go Rowan HERON ONT BE ETEANTO/AE TOON R GRETNA OFAAONOANO AHMAD 
~ SEPT ETE LCE S Sa eee Ta TORE aa thea heheh SO Ol aa need bps eee 
> Rann OER NANAANAAA NAAAAAAN Hao MMMMNMNM Aaa eh ak ot eR Beta 
o | | 
Pl pininprinerecbnbnl moRoTeeD orid yoni preTonbnE: pri mbrpnknks Newari Meron. A ee ere ee 
1 
oS bddddddddidddddddddcoddcdodddjsoososooss sSsSesSSsSesSoSSSSSSS le ooSe SoS oeS 
Kaa SONA SNSCHOO DONO AOTD DOAN HT OTH DODDDON MENANDOSNRERANSHOHAS 
= O HAN onnknh nd TAARH | NN 00 06 [03 03 OF HOON O ANH HIN AAAOMM ANON NAW AAANM SOMOS 
a | | 
| ans DOA ROT MOOT HH DHSOTHONH AAS FHNNME DE ANOHDANOATAAANDONMNOIMNNNEOOnN 
{eet HN SBSSSAANAN GIS AAD AN HC 0 a0 05 00 JO A 09 HID HID VN 09 HO 00D [09 09 HED (OE 00 OE rt rt OO 
a SHOKHAH HD WH FOMANSNS AHHH A FHSS NFR ANON MIST FISS RANSON LSNH DOAAMOLED 
| = ira JH od oS ca 60 0 BOF [ri ri CWC OF 60 & ES ARON. CaS SHES QIN NN 02 A I tp Is NO 9 ee ee ee ee 
|| © 
| F SOOO HDDOVNINIMINININMMAMIONMANNARARlosoosoooowwuwvwvonnaalSeSSSSSSSSSSSSSS9R9 
Oo BN NNN A A ON 3 3 3. Jk A kd dN RT SS fo 0909.09 OD IN 
S ISScoSccceoocSeososeSoscoSS|lSoSoSSoSoSSOCjSSoooSCO SSS SSS SS SSeS Ses Sees Se Sele seseeSse?| 
eles | | | . 
Te! Te! Te) 
8 aBwococo a&wccocco, Hkinescoco| Hkwmoscosco, aNMmocose aBnoococos AkBcSo Sos | 
~8 ocdScHiinsSSOoSSSHIUSSlOSSOHKUSSloSSoSHIISS ScouwmupssoscscscHwuussocscscHwuss| 
ark NSS NSS NSS —— PASSo Ses NSS| ass 
eal ante) rel palite) aire) 
c | 
= Re} + con =) N oe) =| 
© = oD y Re} 6 oO D 
ts fe) te’ Ye) Ye) ite) Ye) Ye) 
nN 


July-August, 1960 


(LM.) tw5 SHEA, MEWICRHA LCS 
WB, SLR RBHSL LEZ SHV. HH, 
& O¥KLAS acid insoluble polyphosphate & 4 h¥ 
BCEVBD CHELEAD, COBKIT ED ME 
FOCHE I Cirev.,m. granule DZBe RSS 
CLILA AE CH SA, TEM IL a7 0 HHECH DO, 
BRO BBS OV CLA 4 Ch 5. EO CHIKO 
HE LT, EEA LORBAICBO OS NEVE -— 
tL, EA LSBKIC 2~3 HROSNABSE 
HHt+k L, CORIOWV MEF & ts is tet LOB IZ 
WCRA LI. EL, BES Hfe m. granule 4 
PPR ITD\Shoke)0, KEPoK VF SBREEW 
DC, COXLIRBSI MM YICHMR Uk. 
ABO A RHHIC It S BRO Abs, Cle 
We k5 iz biotin ORZICKLB< RES ABW 
DER MIADTERSNSOCH SLA, COBB 
BiLe LO F— OD KML LT septa OME BE 
[Byer 

tirbb, #1RO septa OWO WPA IX pop- 
ulation &UMFSKMAOBACRDY OHS 
septa D2, PARICIABALEARAPC, KAS 
BrO0Gby, ARMAS Tie SHE ITOX 
FDZEO AASB LiCMRATC, AHN EO1 
MMRAT SEL FRO septaKe LOLE. TO 
XO septa *LoMMalt, MBOWBRDTD 1 fH 
DARBROSNKBE bb), SBEORIKAICBV CH 
DbhAKBEbLHSOC, CORR 4 > C—Hiz 
HORBVRO BRL SCLC HS SRE CRA 
LOS, HIB OEL<, biotin B24 1. 


ITAGAKI, S. 


319 


Yas (LHR O Bb, RAORE WN S <7 0, 
SpICS MAORI biotin ORZICLSZTL 
wLOTEWRES. 

2. M. glutamicus 541 © biotin SB(TES 
BC 

HCI Heth LIC ott S BARB IZ OV C— 
541 eit 534 FRE AIz M. glutamicus OfL¥ 
WIZE Cab S28, 1 OAM O A RCEHEB Cid bd E 
) m. granule &¥pky++, te LA glucose bouil- 
lon FA CHBRM LE TW Elk, PT CCRE LED, 
COMIC EA septa OF%R, m. granule De 
Rac dN 7o. RCE KG EL CORA OBEGIZO 
Vs CE Lire. 

biotin Hz 0~10007/1 ¥C 14 Bic bit CHK 
Mle COGRE LOTTO B2R) CH 
S. £RIGRRLICKHIS GlLR) LA-OV*e 
Lxod?d. pH OH, septa OHMLA CHE CH 
ok. CO3 ROWFICIBREDBASHS. RE 
L, m. granule OFMis, (1H) & Ried, 
biotin 10~2507/1, 2 ABHIT DUS LV BRE 
AB, SAAICIBLEALHRLC GS. tO 
Hie STH DOLOWMBRRASHS. COLI 
541 jk m. granule #¥ptIc BAL TC ILS PHBETC 
be. 
SMORERCL, 541 eV CRE EOE 
bdbe CHE Lie. HAhiteA GS aeeshbic biotin 
# 0~13007/1 © 14 Eehichbie CHML, Sblz 
2%OMCRKe MAK. &ARAEH 25mm 
ORME Ic ml Pom, CHM LL, ERO 


#2 M. glutamicus 541 © biotin Bic k 44 


r/l Growth mg/ml pH Septa Metachromatic granule 
Bioti 
Poste 40, G2 ol ls 26) PAP SO) ddayl of |S Pall DdaySa!!| 9’) 0 day) ila® a 
0 ORSM AUG FA reas Sie (572) 7 476M! O06 Moray 5 4; 4 + ++ - - 
Ont | 0.3"). 4.2)" 476) 45 E2035 24) 346 4 3 | 5 + + - = 
OF25/ O83. Ale7| 9498) 523 (VANS 2| 5A 6 8| 5 ++ - = 
OCD ap Orsubeoeo| O25) — 5. 6 G20 6T8 4 576) 5.61952) =o Gres + ++ - - 
IO Ofac| vacis eae ore Oeil Fare) toate) 4 7 es ++ - - 
Deo Obou O.2\, Suzie seer 9.0) 75.4) 548) 6.815870) 9 3 Bi) 3 2 - + 
DLO uOns Nees eO. Or S90 8.4)" '5. Ou lo.26] S10! 820s 2\4 + - - +++ 
1070, O23) 11.0) 1OL0) 9,0) 8.4) 65.0.) 745) 8. Oho? 4 oc 3 Bel 8 +f — | +++ + 
ZOeOWNO ceil toy LOLON O. AMS Iie. 8 i 712) 8. Ol 7 soln So 1) 4 + — | HH + 
SOCOM. Osu IZ STI Ovo 18.4) 5.4) 7 32), 8.2); Stele a 3a\ eo + — | 4+4++ + 
LOOLOM SO. See 12. 5/9112) 10252 1120) 65.0%. 7.46) S28 22s oll 4\ 4 + — | +444 + 
250, 0 SOrar L225) 11 10226 LOO) S548" 736) S.OF8rZ) } 2 oS + - t+ = 
500.0 | 0.3} 12.0) 9.8) 10.0) 9.8) 5.6) 7.0) 8.0) 8.0) 2 2's + - ++ - 
1000.0} 0.3) 12.0) 9.8) 10.0) 10.0) 5.4 | 7.2) 7.6) 8.2) 1 eo le + - + - 


320 


WeisCieotk. BRA HEAT SIC ON THO 
pH (HK FL, COreDsHFHLHD phenol red 23% 
EPS. COBH B (bic ko CHHOES SE 
WTS. 


a = (Z 


#83342 M. glutamicus 541 biotin FHrlc 
LOAV@S, Kb Lic CHAOBS 


~ Growth 


r/l mg/ml septa granule 
Bulle ee he ape 
Piodn 1 day 2 ot n-day\i& aSrieiel. day: 
0 + a hup teat] a-Si. 
Onis ate + |1-28/13 11) + 
0.33) + ome | 1-2) 9) J-S (Shs te 
0.65) + 4 at} J=2P OUI =-3) <7 
1,3 [> ho) deem fe Dedh Ol dl -3h, Slama 
313 | eet) ieee) Onde SP tee 
6.5) +++ | +++++ | 0-15) 1-3) 5) +++ 
13.0 | +++ | +++++ | 0-1; 3) 1-3 4) +44 
33.0 | ++++ |++++++] 0-1: 4] 1-3; 3) ++++ 
65.0 | +444 | ++++++) 0 | 3) 1-3) 3) +4+++ 
130.0 | +H+e | 0: 2] 1-3) 5) te 
330.0 |+++44+ | ++++++) 0 5 3) 0-1) 3) 444+ 
650.0 H+ tttttt++) O $1} 0-1) 3) +4+4++ 
1300.0 [++++++4+44++4+4+++, 0 | 2) 0-1; 3 ++++ 
Oe ae eu 


DBD DELERROERE LS LEOD(SH 3 #) 
ChS. COWS biotin + 57/1 BEMERML 
LADIES CSALWEREAL, LALCORO 
mafeicit & 2 A & septa RFD S5HF, glucose 


Bot. Mag. Tokyo 


Vol. 73 


bouillon ric slt S23 CL SARIS LS 
+. LE LERDARE CHS 37/1 WE Cit AK 
OveKR RICE Lb CSL WA ETGIB Rm” L, 
septa FUMb—-HLiaG Lv». COC e tases 3 A 
Hai UCHR bre. 

—j, m. granule DFE HLOW FB ice 
LIBRE L <<, ERASE (biotin MAA) eH 
Sie Be LYS LK. 

3. biotnD KY (CBRLIFAZSEAMLEBAOD 

ARR 

PCZMELORECES, 
RIS biotin MDHICLYOKE SC HASNS. F 
= biotin 7H SZ4LDLEUCTHHR=+ AxMRML 
CHRP ctrot. PA LRM + AILKER 
(LEMME SACHS. COMMN=FAOD 
4 Bix, bioassay (Ck 9 625 m7/g CHS 
Db, VIM LCMRR=FAORL DRE LGMHO 
biotin Bit 0O~31.257/1 O7 BLES. BAL 
fo PaeRIE 516, 582 ts kU 591 OM 3K THZS. 

COReRe 4H) BIO GIR) ICLOL 
1s 

WE CER <, MRE APicle si vB 
SKRYSICSAHSRNT SOC, KAOLRS 


M. glutamicus © 


biotin 


$422 M. glutamicus ic TSoMN=+ ARMROVR—EA, pH Ait, septa 


ts EO m. granule OF%HY 


Yeast Growth mg/ml Septa Metachromatic granule 
Strain} ext rH $$ 
: | Biotin. |_ : 1 ee 

% | initial 1 day, 2 3 |initial|}1 day| 2 3 |initial 1 day, 2 3 
spe, es Lot rahvacw age |i Lae ta P A Se 
| : : ¢ ; | 
0 0 0.46} 3.1 | 3.9) 3.9 | 0: 1 | 2-3) 6 1-3; 5) 1-3:5 eae nom = 
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5.0 | 31.25 | 0.48 | 10.5 [12.0 13.8] 0 1/0  1/0-2 30-3 3) + | - | - | + 
N. -_* > 7 ‘a i ae zs H 
0 0.46 | 0.96 | 0.88 0.88 0:1/0 '3)0-1:3}0 :1) + | ++} - | - 
0.01 0.063 | 0.46 | 1.08 | 1.06,1.0/0':1/0 :3}0°:3'0 :3) + +4+ - - 
0.05} 0.313} 0.46 | 1.24 | 1.25.1.0/0:110°3 310) 10.) oe pee PO 
591 | 0.1 | 0.625) 0.46 | 4.7 | 5-90 5.8/0:1/0 51310-1530 i1) +e | He | -olo- 
0.5 | 3.125} 0.46|3.8 | 4:7/5.0/0/1]0:/ 2,013.0 }3| ++ |+Hah - |= 
1.0 |..6.25 0.46 | 7.2 | 7.8 16.8.) O14 O45 3} OF ShOw le +o he =e) — Oleg 
5.0 | 31.25 |0.46) 84 |11.5 10:5} 0:14 0. 2] Ovi Oviedo +e bp ee ) + ol eee 
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ITAGAKI, S. 


i A RK 
S18 M. glutamicus cx} st SHBR= + AKMNBOeS—tPs LO pH— 


— Aire 


biotin MIkYEMOWA LY BUCH S. Hic 516 
RCL 2 A Alicia 18mg/ml OLAX LOLA. 
582 it (1M) ChHoHSLIIC, biotin 28 
RN AIC ET SBE 2 ARMS ChB 
HUE RIT SZ, M+ ADOBE LAR, 0.1% 
DLE SYS E CHAISE A ICH Ins 5. pH 
DEGNLA A & ICE AAO MARAT SEED 
LOANS. 591 HictovrT $lslEl RAT ED 
UES. 

Mehk= + AYRINOBEO AIRS, biotin Yeo 
Be L¥ok< AUC, HHOARE 7c MiPA CASE 
BHBBwISE L, RREBREL, fEo THRO septa 
DROSS, BURARY LOTEE ICR = 
FARR IM LCBAKEL A EDK Te AGRE 
wELL, septa DFE D fi Ch S. 

4, biotin OV (Tz corn steep liquor 43#PIL 

T3B AO BIR 

biotin M4t 9 lz corn steep liquor 7Y¥RJn Lt. 
(# A L#e corn steep liquor (LVF C.S.L. ig) 
AAR HMETLHO LOT dd 5, 
biotin @ Hit 75 my/g CS. 

C.S.L. YR onsehhrs, BOARS US LU Vee 
AF AZOC, ARROW EL C fediedso fers, 
biotin physic He LC LENT Lk Src BAF TEA 


bioassay (ck 9 


pete pH 


BelLOLK. CHUSRSNSUWOES 3 VR, 
AV, LOWOvBEACHA}. SERBO C.S.L. 
MILO biotin Biktk O~7.57/1 Lvs 5 (RE 
IC beddSt, Rice we LDL. biotin M 
PRUMOBER BPRARE RT eMIAE 57/1 Db 
Yin Lictt hike bite vor, C.S.L. OHI, 0.5 
%, ticbd biotin #H 0.27/1 BH CT CCE 
NOH LOT. Ef, CORED CS.L. ¥en 
CH CCHBILREBE LOT Lin<, KT H 
MABL ro, septa DBMLIZLALBOS hic 
V. TOCLI biotin RABO WARD & lev02, 
biotin (cn 5 SICH OM 2 DR & ITE L 
ToTG ASA AANA Be FE BOE Fe BUG Te ER es Cie 
BSL LRLOT. COC LUA CCRR=+ AR 
MOBSICKLMOBKCE CHS. CHHOPMBEE 
Re BSR) ILYOLee. 

LiLei c CER Lintthliiic b fev Old, C.S. 
L. YINOBs, BB3 AIT CHTHAWSEC 
SLWSMMIALBKRST STE CHS. Chit C. 
S.L. YR IN CHIE ABU ICIS Te, HH IC FF 
fE Lic fi biotin DABS hh, He AI CLS 
Sy Ob eis Cie ftie S720, GEo CH MGA & BBE 
FOOT ERMBSHSM, biotin DIAN 
WEL TWTEVOCCO ILM 7c S HERIT IED S. 
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44, pH Bk, 


e534 M. glutamicus (cx}s4 corn steep liquor KMROVA 


septa js LUX m. granule OF%EK— 
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+ corn steep liquor YF 
tr bioassay [ck 4 biotin 


July-August, 1960 


s & 


1. BRIS OWT 

M. glutamicus ii, ABH CL EEHEO WHT > 
BEALVBRALeE Boi}. Fie d, bouil- 
lon slant [-%4\>.Ik glucose bouillon #ij #3 C ix 
Witte & LU CR—ChSEM, CheEAME 
dh (biotin Ge 57/l BELL FORS) icewMmstoe 
PARSE 7c V> LORD IC — AREA HO Ck 
CHESTS. CORSPITILT CICMTO septa 73 
BMRShH, AALS MALL CWS. COL 
} Pe mALS CCH 1 RITBV CORRE CATCH 
Sn, biotin % 1077/1 BEM EMRmMmt sc Lick 
0, COLIBRA SCLE<, SE 
BRED FERRET BIB AR Te, Las h4e 
Blix HD CEH L IS. M. glutamicus ice 
BTRITO COMBA CIPFA TOOL 5 IE 
Lat. 

FER MIT ISU Cid, WRG HIT IE LTC OME 
HROKR MILD CSL< (biotin3 7/1 BEM), 
CORBE UCHZ bHNAODLRRKAIEMO biotin 
NAMB Sh, FAO biotin 2Ke L ¥ H+, biotin 
D RAK BIR IT ERS OCA L MBS 
B. WAGBEOBS IL, AAKDA—O RRA IRGE CH 
fEF Sie, biotin DIRBbK LOW A'S ERP 
WCAKWEBLSNS. 

2. £RICOWT 

Ametbic biotin & fi * OWE ICRI LEO 
EROBREBET SL, BIF4MIcHG SHS. 
AtAae It optical density CYi7E Licked, KBO 
FA, AADOKES, AAADBRADERER EO 
EAS AICVEST SOC, HIKE LV HOLBY 
LOFELOCIEVD, COLIRHMDORE 
LUBY, ZHENHDOAKOVHRO—vie LD LT 
WAbDCHAS. 

3. pH OFHlCOWT 

biotin HOB, TrhrebbREAOEF ICMHL 


Be 
1) PUTER - AP OLE, HEME 72: 51 (1959). 
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2) PCESEEB, In] 73: 258 (1960). 3) 
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Cc pH kAETS. CO B(EXR-TS LIE 4 
MWicditbns. HAOL IST ATS Y HV BLE 
RhoTWH4O0T, fEoT pH OFMLAREOR 
Bike Lt. 

4. m. grannle OF2K 

m. granule D7¥MIs GH1R) CARSTL<S, 
DILVORDRD SD, BRELOBBEL (3 
HR) ILBOLE ELI ICMAUIN ABMs Cre. A 
PRT L STM LITMAN 4 Michbltbonsed3 
Cho. 


z #) 


Micrococcus glutamicus \Z/Rt4 7 #ITOX, 
AR biotin Bt OMMe BALK. 

1, RIOT 

SICA LO SeOlTls, HeHhlz biotin 
ws Licttidic brew, FOERRIS At 
PUCBZDOBEDRBDLSNS. 

biotin 2s (17/1 LE) WML EBS thu 
bEAILARE Ch SA 107/l WERTH 
Break LOT. 

2. septa OFBRMITOV.T 

ARBOR BILAR ATRL, biotin OR Kick A 
TS OERTCAAAOBERE FCS Ma KOWC MIC & 
4. ©OUBBZEO septa DRS, WHHL 1 
{AD PAAR Ica 11 iD septa AS4FFEL KEK BA 
bHS. Ere biotin BEA ]— Catt (KEL, 
biotin 37/1 BILE) BEL CRAB LC AAR L 
KRAKODADE < septa +#MTsS. biotin * 10 
T/l BEOEMRMTSeEREARLECOL Ife septa 
OF RMLs S7ev>. 


fi * He AV RRARR REL, BKK 
RAL HEEL, RADAR CRIA AICIR < Rat 
SS. ¥ eR RAMEE PS > te MATT RA FEB 
“hic Rat LRRRIT BAI eee 4A AT Baa RG 
CMR eAT S. 


Fak 
Mudd, S., 


Yoshida, A., and Koike, K., J. Bact. 75 : 224 (1958). 
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Summary 


The effect of biotin-concentration on the growth and morphological character of Micrococ- 
cus glutamicus was studied, using seven strains of this organism. 

1) Effect on the growth. 

M. glutamicus requires biotin for its growth in the synthetic medium. However, some 
differences of the biotin requirement were observed among seven strains used. 

Generally, at lower level of biotin-concentration (less than 17/l), the cell growth of 
these strains was suppressed. On the other hand, at higher level of biotin-concentration (10 
7/l or more), good growth of cells was obtained. 

2) The effect of biotin-concentration on the formation of septa. 

M. glutamicus usually formed elongated multicellular rod when it grew in the synthetic 
medium of biotin defficiency. In such case, many septa were found in the rod. 

Under the same level of biotin-concentration (biotin 37/1 or less), the cells which grew 
on the slanted agar-medium formed more numerous septa than those in the synthetic liquid- 
medium. The formation of septa was not observed in most of the cases when those strains 
grew in the synthetic medium containing 107// or more biotin. 


GH mh 

M. glutamicus 516, 4pxeeHh (biotin &#GEF) Hicc 24 Bes, methylene blue #4. 

. WE, ARE. 

M. glutamicus 588, 4pXxHeHh (biotin 1007/1) Alc-c 24 RefHiGsee, methylene blue #44. 

. M. glutamicus 541, ApteeHhseE KA (biotin &®&S]*F) Lic-c 24 Heels. methylene blue 

Be, WHUCSLVARHRBEETS. 

5. M. glutamicus 534, 4pvbsii (corn steep liquor 5%44) ICT 3 ARH. —e AKT 
MABBRES LCRA, COMMIT SEEOMRMeE RTS. Lal, Mlk PP) CHS. 
methylene blue #f4. 

6. M. glutamicus 560, glucose bouillon 8 HyfHsze, AMIR YLf&, smapping division & 4s 7¢ 9 
tBdbneLitTRAbonNS. 
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Kazuyoshi HIROMOTO*: 
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a H* 


Isolation and Pure Culture of the Mycelia 


of Armillaria matsutake S. ITo et IMAI, the Most 
Important Edible Mushroom in Japan. 


WAAN 35 4A 1 7 APR 


2 Y BT BOS MEL GER, =A (1915)!), SAFE 
(1927)2), PHPY + LUPy (1936)%), PRET + AAS + Erlis 
(1941)), EAH (1950)5.6), Bent - Hee (1957)") B DS 
RATS. HH, WIFoITELSL, ~YRTHO 
eee SS MEIZA BIC CX SLIICMDHS|MB, FOB 
IC3SU CIR & ABRAM Re LV MAE 
L5 CHS. PHP WAM R, = 
ARK Ie EO HRBIES AVC 9 27 Nd F 2b AO 
HHRRA, LOE RDb [ey 27 (eho THE 
CHALE RIARA BMS SH laf OF HLS 
TC IRHE TILT CS SWREC, CarvlaKKAT SER 
SHCWS) LHMLS. EK, B+ AN: 
Blix vy a7 FRAP‘ AER OUR YY AT 
BOREL EREL THOSE, EHMAKTIAT 
CH SPAAITOVW CHM MSNTWHSEITS 
dS. MAILS EA ARK S Avy Cha Fis £ 
OF RAD AAD 6 <7 2 BA REC oT EL 
POEM LCL S. BRM + HAIR) (LHRH) OPV 
FAVS CAMS, PA4ets LOAF ab 2 AMOR, Te 
DboEROEBVAMA, HADILHILERY BRA 
RAMEL, O35 DHAILRAOTY AT AER 
S%DLM—CTHSEL LT SN, CORMRVTYR 
TREE RPICST IY AT BLIRIEL TVS. Teds 
PRR + HOR MICKSL, BAMA BR AIL 
Pls KE + BUDS 7 aT FRA bADREL TS Y 
ZT RBEMELKE EO LA—CHSEL, COLO 
% Mortierella pusilla + TR NEAESS itl 
FELTWAWEMNTHS. Thddb, CHOSE 
AIC ISVS Cit — Ch SIL FOS Y BT IOI 
SRMBENEN Ries CWS. BPSZlIzy ar 
FAD iE) ELL & do T ME ML LU CHS HT 


* [LA UARE=E a Sete, Kumage-Minami High 
School, Yamaguchi Prefecture, Japan. 


VSI CH So. Bae iihse 10 Fiz y 27 AO 
Sy BR DIEL, FORO SOIC LE DDT BH 
SILA AWL, CheAV ChaFis LOFRADS 
Feit LT PADS~ Y #7 PRICIRDE 7k Us 3 Hea 
OCC CICRET SKA CHS. 

ADR fife 5 (Cate VIVAAH A EE, 
RAKSHA RHL HRB AARA CEE, 
AB KDFS, WKAR, MAAN 
BAGS, [Al GIL MERA ts LOK ae PRS i HF 
LAs b BOD 7 ME MA MV te. AUC < HERR 
FS. 

RRO LUAE 


FAF NILA b FAO MRED BEIT BIT SRO HE 
SLUR ALE ET, TT, BIST, Tel 
HE, A AIBO 5 DAO ARAMIC SVT, ARAN 25 
DONA 34 AEE CHEK MARCEL Lin 7 ATF 
Sek & PEER LC HERR Life. Hepes yh PASEMUT PRR 
PIAA. Phrbob7 AT Y OBER BPs < Hl 
AKO 5g icH#K EKA 200cce IMA 
CIARBIR Li LOX 10~20 AHAB Lei 
BULCK< GAL, 40 Be L CHRP RI 
Ake IMAC 3~5S FIC HAR L7H 100 cc [CHEK 2g 
AIMNZCHTEDLELOTC, 4O PH fiklz 4.5~ 
5.0 CS. COMBE HOD UO HARA ® L 
Cielo bY MICH LCA CHEM SHS. —H 
VV RT FR KD b AAO EB & Te SS S HERIEO 
SRM eI IICHEVOSKESITHOR)D, Che 
WAT WF AMITIXVY YCOLRIDIKELOREA 1 
MO k 5 ICHBIED LIMA S. TOLERIA 
MEX bY —M ORI HF Liev E 5 We fii dO HB 
EROKAL HS. SSITOHERWA SF ABIICA 
CHE hi L, Aid b BAe ERA STEVE NT 
TS. CORBA SL, MMICREMLETS 


July-August, 1960 


1K AFORE 


a; Veiy. b: Ba. c: Beh. 

d: PFAMBN bY — Mice Ure 

WROoOXF. 
BRIX bY —MAICADMEC EO, BBaNbo 
ChAF ORDA Sh Ste LO DMEM ev. 2 < 
CHEIIO WE 7c & ICC ORES AVS LH 
BCHS. AF ORO LF RAOBAERE, 
BIA, WMECLICLOWSUCSEL<K BES. FO 
PREF LEIA I CTA CH SR, FRAKOUR 
RRIC LY &SITILRAHME Kt 10 RH AD2S 
CEMBHS. ERMMICMALKEFRAY ACS 
dD CHITMET SBRITIL IDM bPAbMmee 
DHS. MEBKRokbS One ERRAN TCH 
25° icf. 

F-Hikd>b ARODREICMIT SEROMH I, FG 
Ml 32 4E2>bIAAM 34 ECO 3 HMR MAIC 
ELT YR FRAR AW. MPR Rs LO 
weet LACOILSVLAUCHS. EP YV AT 
FRik 2 D> SH SAVE L CRMICING LCV SEF 
BEL, FAM CARHOKAYHWKD, AACR 
ORMEOPRicHIc 1~2em OWARAN, WF 
DEFECT RAY ALA MAE ITA BIS tEAM IZ 
LV ARAM DCX S. COBSPAMITHIAX fires 
WE SITTER LIK26, POA TT ico Tis 
Wie ACARD 6 = »o FHBO)H LORD, 
<b) — MORSE IT INS CH it L 20~25° 
Chote. 

as fa R 


1, JAFFA 5 KOM BE 

a) faF OFFI 

faFit Bub Old 3~4 ACHES SA, Bik 
5~7 Ait SHED ICs YD 2 eI ICA 
PFREMFOIRERAERMDAABHE TTS. Sle 
FLARE RING CREB LOMELCHE 
NK 6.4, 5.6 CHSEDRBHEST SL STL — Hz 
REA LCRIBICIES 7S. COROEI I~23 nC 
HS. LELIREALCBKET CHF L, TOEE 
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IFAC AST SLO, ERR BICBATS LOA 
HS. Lal, MFBBAT SEI CHELLIS 
DRBKES ITED E EGF EF ICR S4LOGSH 
4. BHFRLS << OWBSLAHSD, 2AWSTL 
bdS. TOLEQ2ZAOHFRILAICHA, 284 
BLOTOMERO AER LTS 

b) FEFROLAKE 

FOE L CHG Ze < HET SLO BYTE < Fe 
WPS, BS VLR ICIP DALE elt CAR BREST 
BICBS. AOFAIF LR MYO 5 BILMMADHM 
WAS, COUNE 3p HADLOMSW. HEL 
CALCABACWSEOLHSRBEBRTSIZTON 
CADRE <7eoC, BRIER SRRO 
MUDILM DY 1.5 p, HAAS 60~100 pp HSviEE 
NDEI S. FSRIER LITE CHAD MBOS 
YE SILI GRAS, SC RIS HEB < HOSS 
DC, lPARICIBREAE IW NBRLRO BAR 
ROAR LCR S. WROMMBS MS (LUM 23° Ic 
ture 10 ARAic 1~+2mm Bie Ch SARAHB 
OWPOOR SlLBEb6< FCORBPITH TSE BD 
HS. EXIF RBAL CHEL, OWE 
SPE DO Fev D MEIER ITA LC, Hired bAABES 
2 (AO NaF DSA RE ICES LA A CHEE 
VE LMAO Fit CHE Lr £5 THRE bo TVS 
bOEHSD. ERHHLE OF MMEWAMEEU, & 
CPB MVBRAMOH L, FOF MBERBAT 
ZLOLHSB, COL IICHABAWCHE SLO 
tk, COLAAAE CE < LHS S. 

Cc) 38 F 

EM MALT TAI FY FEONMOBEDMOW Te 
UBT hte CHES 7c FR Ade b FG eA L 40% DEE 
HTH. EXICMLEEALAMOMF RHF S 
HB, 10% WROCE OMS Tel. AAA EAI 
CVBokHVbOX, THX, MES LEOF 
WE ODER CE A Te OFT SD. FESR Is 
LOFTS BKOLAAITW SUS LVGHE 
VER #3 LIET LOO 1 DISHAICING LT S78 
PFVTEOMOREMCHS. Lac, AHRIZO 
< SRE BON bY —MIcAN TAD, 
A—HaBe AV CHB CHL, AEE Iz 
(Eo CIV Th, NbY —MABie SUF RITV 
DUSLWHEVETFSZTEMHS. LOLTCORS 
PIVTREOBMEMLS 6 BELEWV OCHS. 
PDSMRLY 2A VI FORFRROBS ITS UE 
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LIFASHNSM, CORAM OTILFROMAT 
SPAR LEVY. 

d) JAFOMM AE LEFROLA 

IF OVER PRE DS E OA Ce D FERRIC 
Wee Metab D, PRA OEM ICAIT ISS 
LURE PTS. POEL CHEF AAO IC I 
PBS SHSBHLOSMCH SLE, WS OR 
Cho TC hSFR i LOBFEOBAKOLAILE S 
ICR CHS. ERIEMICHRMD CHEF LEGO 
LAMICE CHEATS, COMMOSOME Sie 
LSHATS LIM LAV. BM HAR) ICL 
SL, WFOMBRBERS bY CAE VDA CHEF 
LRESOUMZER Lite k UC Se, FAO 
HID AVS LH ROAAICM L ChIF OZ ROK 
(Lae 6 Ar7EV>. 

©) RKMEOME CAR LEME HK 
REIS LUMKEEOMH ES AV ChIP OH, FE 
HSCF SRREAO RS LUWAROGBEE 
%e Hee Lic tek, WSC Vth bE RILIMD 5t 
Tedsrofe. 

f) —KARLOKAA 
EEO Ree IE ALS LF RAKE <, AH 
bRAICAA TS Pb —-KA AO A Ets LOD MEL 
To —- KRESS 2 CIMA ESCL ECE 
B. Etat ea te BIC < EHR G LCI 
MBAS. COBR—-BRA RELIABLE 
WICKS S CLUE CHS. Hhkbbz7 z 
+ HOTA IT IK AOR SL ENT 
WAL CADWMRREA TEV. ERARODRO Fy 
EL —-BRRCELBMARTCS, 4 CICHAITIEV 
ED, THYPORORLEM* THSD56, YI 
PRAY AVRTREDLIICARAOK) CH 
REPASIS CEH CHEV. FeV 1 MME A -— 
2 VCR Fitts T 1 MAAIT SRO RAS 
Lf CSD 2H CHSDRMHDS CLIC Lo CH 
HAVENT SC CEMCES. 

2. FRA 6b ARO MRED AE 

a) WROFEA IIE 

HE 1+2 ARRAS SL, BHHOL CA 
ECAICHADMBOH LC SORRY SNS. H 
MDD SIL ROFL (ICRC, BHM 
12 FTE) CARI PAA SPR IC FEE LARD S. AAI, 
SPEER TA ITA Ute & DITA fC SDH AD 
EG LERDOILABZ ETS. KROL REDD 
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CED, WARORPBADEELCHHICBET 
Dmrb BE 1-3 RRL, BHO 
PPT RE << MRT SL AIRC LAE OMRe RD 
ZCLMCHS. COLEBMLEEY ty 1 CB 
HUT AD ICH OED & SHERI ARO — BAS 
BS. COMPLIMOMBEICKLCR< LHL 
CHAD REXURTS. CORBO Me & 
5 C1 BERRA — 2 VIRCRATS & 1 MAIC 2 
BRELCWS. Cveyv bP CRot Bie Bic 
FI OSIEICE LCE SL, COMIC 7S 
b LV BRM US. 

b) FEAOS MIC SHROBA 
JAM BE CHS ABOB MAb Bik ZW YO 
Mo CHR LCRA 1 RICRLK. ThbbHe 
PRD b LH bX AO RAMRICBAL, 158 
HIV HAORBAAR CRO 6n4. AST 
LESH ITIL HAOBEDYEVA LEVIES 
KOWRREC 3~4 MEIER ORR AMR 
CHOSTCLEMCES. AMM 6b tb oe BHI IT 
Ts) CHAO LERMILAMOBAMIC PARA LY 
SAAT OA ICR L5 CHS. MLAB 
NM RPA LOMB TIA AF VY TEOHH 
DRAM DINE UL CUE RO IR EA ER IT ARDS 
FETA. &< MMC THEA <Y TH 
FV TOME L CUTER DELAY 100% 038 
ARRAS. ASHORE eB As LOR BIC Is 
Us CHRAE L-CHIR & fe S BALD B ILA DEAE 
Likt.. ARDEA Liev BH LEE 1 2 Ae 
PGA LC LALAYLRALEVA, HARRHETS 
Pout IL BAAR 4 7c < BEL CR BE eta 
FAITE DS. 


BLA FRAOFMILIC wt SAR OBA 
=F 


ge ZA Se 
i E wm | +) +) + | BRO 
Vi rf M®i}+t)+/)+/)M §& 
WS a Mil +i)4+i! +) | 
#8 ae oe Pee — 
BR Gee fo Lc vi 
TCA iCie SAL 

ros 4) tt) th tt) Af @ Bae 


+: PLS BADHOME CLR RS. +04 
WILHRBED REO ARR. —2 KD 
SEE LILO LRRD. £4: ROFREERME 
Wea LAV C LRAT, 
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C) BASSAS HAO AIRE 
AR O—Me RIL ICEL, Shas HAaS 
DH ROLAOREY BAT SL, FBS 
HUARD Fes Ds b ADE IT POH SD Riko ¥ 
EMDSCLEBCES. COMMS L< POMS 
AE HAD KITE LV BUS L< MACH S. 
& SIT MAOD Fest XW CHL MDA C & 
CT, CORFE IO MIDS MA 7e ADS 1~3 ARtih 
OH) CAA Pili SBE bLbS. FRAPS KRAL 
RAROL ROWS, IOFROSECKHAL AR 
CEbOCHRACH SA, BH eH BEICETL 
HIS <BRORARHETSOC, MaTEHIc 
SLY CLSAITR< BREET ST LACES 
LS ICAPABS AVS LER DD TCARCH 
BS. LEB os CLIMB RO ABET IEF RAD A 
RA SODbH4 CHS. AWAD BIL 
TABI, EXICBH DOA LRM AROSE 
ICRIZOIWAMEE UTC, £D¥ELADKSLO, 
EILEOWAMA> 1 MU AADMEOH LEO Ei 
ICETCRBOBADBEEUCTHRETSLOLDS. 
HoevWiLETe, HRAVNBOWA BA EEE 
PUL EFRECRIT HTS OD, EOF O RIMBA> 5 All 
FARDMFOHSLOLHS. COLIGARETS 
VESVIITIL, PARE A < CAAA RIO 
SEF ROW OD 2~5 (5% dm SAMO SILA 
AUREL. Lieto CHRRBWIITIZS < BIO D £5 


{ y 
f é d ¢c b a 


ON FRED 6b ARORA 


a: SilAFeMnD> b MAM 7e AA DS 1 ASE L 
7LO. D: MAOFEMIT RA ORKO 
FARA, COM D 5 MA7e BAD 1 
FA LTLO. C: flAOFevMIT AA 
Fads 2 (CE eh O CHM 7c BAA Ud & FE eH 
OHCs. d, ewLOL: MMe se 
AD 2~3 KBE LIAO. 
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ICEDNRSECLELDSAM, BRELACI LDL 
1 figic ZKRBPSArb, Chikeyv a7 HRA 
RMREARLEbMOLEAbNS. BRRAERRET 
SARIS HORAK EOLEOLABS oS. 
d) FRADE L AAD HA 
VIATFRKO MO WB, WEALAICEY 
OAR BEAeHOREFRA, RRAKOPM 
Te FRitkts LOIRE YO Be RB Lich 
Rrkrs EOF MB Db Bis LOW ABS UR 
CHEE LICHGRILHV 4 O CHAM D6 OBAO 
BEILE DD CED, RMB isv CLA ADE 
CHA LEYMHOMITV SUS LVERILBYD 
baicvs. teed E DICE RFRAPRMER < 
RAE LTH Meo KE bOCE, AZFITEOHLO 
AD RE < Te BO CHEE RAYS 6 icv BARS 
Vs. LL, FERRO MC & IF FER OME 5 te 
WOEMHSAB, CHEB <KMUAZT I TEOSHLO 
BAEMDFEA LT SID CHS. 

€) FRAP bAMELE AREF RA RHR 

SRK LO Hebe 

FR» bE LLM A A & dF os b vier 
DKA LE STBRR- EO UBF EDIE SK -RKLTU 
BDO CHBOKMIXCE EWA, FRALHERNTS 
FARO AMABILE Ade 6b DHE LCA AO Alia kD 4 
kL < WAC CHICAS 6 MOR SRA 
MDEHLY b>. HRAKROMMORS 
(x 60~100 p, rik 1.5 MECHSE, FRAX 
REDS S MIIOR SLE RO MMIOR SOD 1/2 
~1/5, lk 5~8 fF CHS. HIRO CH ret 
ART AAOMLSBORGER ROMO 2-5 fF 
CHW CHS. MMA S 2 Kis Miao isle 
RICHEST S. ZYROMMEIFRAD Milla CLS 
Cth Am ME CHS, FFE CLP 18 p AT 
EDbOMS < MITE 4 HAROLD EHS. FR 
AAO MUG IL 1 MUA IC AA BEIE LC 4K, 8K, 10 
Bic HLBROBRATFSC ERE L<Siew rs, Fee 
PARITY CLARO Mats 4 Seve. 

3. RARELY 27 OBR 

JAF HT ¥ lL FR AD 5 ME LI 2 BZ 
TV AFTRA OBRDE. CORMLBRLA 
FSB TED ITE 7 WE DGB IT RIF TU BFW 
CHELEbDNS. PRAT 27 FHKAMO +d 
br VRF7RMRAMELIGERATW OMe, <Y 
RT RLY OFFICE ROWY (10 Afic 14mm 
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RIEU S) 1ROR* SMELT, COMBE 
PERU FEIE LE CHET SL ARBEOT IAT 
LILES Bo oKRRETOM, COM 2207 
Hz Mn Te PASE ERIE LICH SL 2~3 HI 
UTI FT ICU LRBARBEL ERTCO 
RIC RD ICB MER LO= Ct AOMH SMA 
SL BAD-—-BM< 7S. COBKRMDHSHELT, HH 
RCV RTM YATRA OBRREBE LIED 
tx, SERRE IT BARRETT SOIT MEM 
RRR CEICRATS EL BdbNS. 

4, HROLAICHET SHARE 

a) S4PIEO IRE 

FEMI MR Ik C 2~10 (FICAR L Chi * DRE 
DERBI OX a CHAE LTASE, 2 
(ede (2 ICA LIC HGHEIE) “CHL AUPA bE 
ERMOBALAAAIB ICR. 3~4 (RIE TIL 
SIP A DFE DE CEO UO b BV DF RAER EA 
LICR SAAR OMONS Hs. 5~6 FRE CTIISUF 
MOM Te < Te SPER LIC SRO 
AIT HEBR >. 7~10 RIE CISA AIS S 5 IT 
Dig < te SDE ECO BAO (HOUSE BH 
TR < 5~6 (LEECH S. DELORRD 56RD 
INL TE SICA CH BIER LIT RASS PAIL IT 
te SHA DS NS. 

b) *AREMUTSERAE IC HO MA OVE 

FASERT TT SERIE IC aE (2%), SRR, = 
Cr ARH (0.1~0.5%), Ea evs) (11 fh 0.1~ 
1007), 48M Ee AI, EKUMCHSODS 
BORA REIT HEIN LC hAROLAICW BU 
LV BBtv. 

C) Wk a> VIR 

FAME SEK EIEO pH Ae MRM AICRATYY 
BAe IE LICR, teh Ritts Ae AR Le 
pH {am #iPAit 4.0~6.0 Ghok. 

d) th 

PARENT SERRE O TRE 5° 2x 33° MO HiPH IC Is 
Vt 10 KL, CHENOW AOA AIR BL 
Lictik, HAO BIC > eM ww th REIL 23 
~23° Chor. 


z pag 
PERSIE LK COZY Br IF OFSIERX HY T 


* CO DROLFBILRH CH SPOR ACAG IT 
HAL Sc Leds, 
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Aitete o LIE < OMREBOE LM BOTSES 
DCS. LEM so THMOTY THIF ORAS 
Xb CHICELCEUKRAMY EDICT a7 
L rae LAE < te SHIT CHS. PAPI - WA?) ASH 
DY TF OPD bMRREOD d SWART 
PHL, CHRVI RT REAELCA, ARI YY 
B Jr AFL EEE DB Mere & Ls LOS A EIT TK 
Litemor LRN tid. KFROSHY CE 
BIO NIF-OD te Dd» WEIR RIO d B PAA De AE 
LEE LTH, MRE LMS TST LCtN2E 
BILTY FT OLA EL MATET ST EMCIL GER AS 
HSLIICDNS. FEM? 27 ha OMS 
HRI, CHOOMCRM ATK > CHAAR 
AMER — 2 VIR CRAL CIMA CHOC LER 
HED sD To MA ITD RAILS (BOS riev.. FE 
FRA LCS BRI LOFR AD» 5 TBE 
LIC AIT DPERRBILSA RM Sie. BK) Ih 
VIR ORR ARDMID Be Ais 5 & SIAR 
RRL S2S, Mic MiRO-MAS < NS 
DACHBBELAT SIE CHV BRLSSZLR 
BLS. SHE > FAI RAROR EO 
Wize RSH LCS 5 DIT 1 MIND 2BATHEH 
FULTS Kiko CWS EORBRLE. £OH 
SIC MIE ICMBRRAO ARETE BDNS Lee 
HEB e & << bDAWIR LCR bAigdrok. DEO 
HRDb 2KRROMMABAICMLTIZ, MEKRie 
Ham, MAUBIC Hare S< bASARORDICE 
FEE LUV LRSOMBY4OLI CHS (te3s 
Sass!) 25%). HRM + HADR") (RIES) OF Ee Av» 
ChIF-OFEFRR Fite, FORGKFRIEX HY T 
(iC 0.01% LE CS LHEL TW S. isk 
fe, HRA L cH F BNC EPR DSRS 5 tr7e REDE 
CHE C7e Vs EEE LEM FOMER LEVEL, NaF 
FEF ORICHABART SED ICI RED AL 
DCEMBMARE CHS EL TUS. LEM T1 
(iH HUF-D IESE L CHAR BAT TS SB RGR BL LT 
WIE, COS EWFEFRO SHY TROT LER 
DEBLSL, CCIEURABLEKIC IAT 
PAE LS LAE Ek ICAbhSs. SHIH - Hh 
JR?) WRF RAs 6b 4 fF 2.6 HE Lic LI UR 
BEL, CORMIER Ary 27 RL SOLA 
—ChHELLCWEROOHRTY ATRL ES 
BCLRUMG CTY TR LERELTWHS. Hird 
PE CRM + HAR L ORCA HRCA CEM 
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DORIC LCR MOMER DS. FEO HE 
Cd 1 fi D fF 2-5 HE LC REX EMT SECO 
wee BLES LIM Eb, FRAD5DMEL EH AD 
LEV 7g TY RT RR CHS LV 5 HERR LI 
MUR OL. SHOR BILD AVS LISPRU SD 
DCA, DPR A ETAT IC BR Cho Ch ES 
EF UTCHAT SP b, 1tOMWF 23 LUCHE 
BES SECOMEREL<S MAT ST LEBCE 
he. LIB > CHADS F A 6 HE LIC lh x Y & 
TRICE OC EBSD CHS. BVHTLAS 
(Ce OEE AVC Bb XDD CABIC 
BOTA CESTCERAML, CORTE Bic 
RUC HTET SHAR ORE inte SAD 6 HS UL < 
ARDMBOH SIGE R RT SCLMCHEL, EL 
CEOKECLKBAKBRAL Ao TONMB 2K 
BRACHSCLBIOCOMMILEF D5 Bv kK 2 
RARER —CHOEC LEMOS CLACER. 
DHFR 6b AMELKE ARE TY 27 RRLEE 
LOSE rh). wets, FRAPS RED 
BET Sicdied, FERS < LAMA ec 
BR, ~VATIBST YA RT VAD VIB 
= FFU) COMMS < ORMRFRAICOWTCE 
PRLICHAR GD, ARDS KX POH SM ALIAF SR 
JBCHS. COMMS tb < FRBICSRET 
SMR RO b ERIC BBD, Cras 
ieee CBN S LBoICERLMMT SD 
bCHAD. FRADE < 7 CREB Db RRL 
CHARBELEVBACE, BRM AVS ci 
BEE SZBRREDDTEWDEECOED TCHS 
tLbDNS. SRIAROCO EL 5A E IY 
FRB ARELIEO, CHICA LCE CHM 
TORBERTSAOLDN CHS. IBF LOFR KASS 
aE Lie ~ 9 BT PICIL SY 27 BA OBR 
WR, EOPAICOV CHILE BARAT 
AIC DE BRORIMCHATFSCLR, HARe— 
PIC E > CHAT AEM ST SCLEASCEK. LEM 
5 CHBARIIT AT ABA OBR LY 
bot, CHRETIFT RACH EPS BMY 
GCs. laFebRREAMET SICTRL, 4S 
ICHROLETCALCAICRBOWBARBVEL, £F 
DBO MARLYOLSSIGE<S, HEAD ANGOK 
DEXITBDNSEbLOLETSECERHSA, CO 
RAISt 6b < AFORMRTTIOROD, HSV 
VWERAWLAED Chok ELT h RHA CMS Bit 
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Mate BRC Pedr Avie le WIT FOAM ZIT 
HlWCkAL MSHS. COcLiY ALPE 
faite LC % OFT AME PP LB IC bal tA 
WMOBRRDBRCSELA SHEETS CLMCES. 
ThbbBAlLyY 2vidFe 11 ARICHRRLCS 
AZ AKE CHMMIC CML, 1LIRIC & cH 
Ie reo tees, CORR, 2 Alcte S LssHeeH 
IOS S70, FER SCALPEL, FF 
LCSECICE CEM ADARBAIIT SS CCEA 
WHECSLSiES 7D, OVrIClLHMLFT S404 
<irok. HSWILER, AROFEMIT/S VER 
MACE TiS 0, CORRBE DD TCHR ITA 
DTIC HO SIRE SK VY AVUBALILB Dev 
WHE SLOMCSEM, MIE LVbOM 3~ 
A WARVAICIROUE © AR HIE LC HOU S 
CEAILER UTHHO 1KBALEA LT 2K 
<eSbOKHoK. CHILRMO Ric Lia 
FORRAREZ, DAA UCTHELTCEOE Ehh 
FHFSZOO, HSWUItHOLANLAETS LO 
ERPSIOLEDNS. TVA7 RARER 
REZOOYALRKOBALAWURBRLE BDH 
S. EXKAMABD SAR DHET SBAIZS, A 
AICZGROREBOWAMLETS TCEMSWA, CF 
HBL < AWB RAO AIG) O RAE CH 
StEBdNS. 


ii ES 


lL, + YB a FUER RH SER EE O RAH 
Vy Ck < HEL, OK 2~3 ER CHAO RR 
RASH. HILO pH {hit 4.5~5.0 CHS. 

2. fA PITRE 25° Ic3svsC 4~15 ABI 
CHEETA XAFOKM A DHFS TITS. 

3. JAF HF ORR BCBS IIE 40% DY 
LIt# TS. 

4, #AMERUT SERRE VOLE FRAD DA 
BIC MAR DET SOLD CES. 

5, FRR b AR RDAED SO Ic Hea D BALE 
HS Cah 5. ARIAT 2b hESC & SAS AD 
ICH S. BAwBLOMBCs CHEER LTH 
JRE Pe SWALILBAKRODREIT AY CHS. 

6. SCHED SERRE ASL, EE 
PMURILEL AL 100% CHS. 

7. SBE Lic be Avs ER ECE SE 
Ad. 
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8. HAI 8~30° CAA L, Hest HEUt 23 
~26° CS. 

9. BERIL_Lic ist SMARAAO HK S tk 10 
Alice 152mm ChHSARHM AP MEO BS 
WEB < COR L dno. 

10. MFP bBt-MMAL, thrb whi 
BEE L Cte 2A LIMA LE IC Sieve. 
BAKIL 1 MEME — 8 VCR READ CEI 
LOEWANS. 

ll. F3tkd. b AE Lic HA & dF bv vie 2 
MAALIX, COMBRBEDDSTE<CMTWSOT 
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Summary 


(1) The spore of Armillaria matsutake S. ITO et IMAI germinates well on such a 
culture medium as pine-needle extract agar, pine-needle decoction agar, or rotten-leaves 
decoction agar, and in two or three weeks after the germination, the mycelium is found 


white in color. 


(2) When such a culture medium as pine-needle decoction agar or pine-needle extract 
agar is used, the mycelium can easily be isolated from the fruit body. 
(3) When we make use of the gill part taken from a sound material, the isolation of 


the mycelium is almost always successful. 


(4) No apparent difference is observed between the mono-nucleate hyphae originated 


from a single spore and the bi-nucleate hyphae created by mixing many spores. 


The former 


is, however, easily distinguishable from the latter by staining the nuclei with 1% aceto- 


carmine. 


(5) The hyphae isolated from the fruit body and the bi-nucleate hyphae created by 
mixing many spores are very much alike in the natures shown by them, and are difficult 


to distinguish from each other. 


(6) A fungus which was isolated from the soil and grew rapidly on the culture medium 


(provisionally called H-fungus) emits a scent very much like that of Armillaria matsutake 
when a special medium containing a certain ingredient is used, and in another case, it emits 
a rather unpleasant scent. From this fact, it seems to be possible to conclude that the hyphae 
of Armillaria matsutake do not emit a fragrant scent on the culture medium, because of 
the lack of a certain element necessary for the hyphae to produce the fragrance. 
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Short Communication 


Yukiyoshi OGAWA*: Uber die Auslésung der Blutenbildung 
von Pharbitis Nil durch niedere Temperatur 


WISER: (IC LS 7H A OFER IK 
Fingegangen am 15, Juni 1960 


In ihrer Arbeit iiber den Einfluss der Temperatur auf Photoperiodismus verschie- 
dener Pflanzen haben Roberts und Struckmeyer') (1939) berichtet, dass Micotiana 
tabacum, Rasse Maryland Mammoth, eine typische Kurztagpflanze, zur Bliitenbildung 
unter Langtag kommt, falls die Pflanze bei niederer Temperatur gezogen worden war. 
Darrow?) (1936) fand ein ahnliches Phanomen bei Fragaria, die nach ihm eine Kurztag- 
pflanze sein soll. Oft beobachten wir auch bei Pharbitis Nil, Rasse Kidachi, Pflanzen 
mit Bliitenknospen unter Dauerlicht bei absteigender Temperatur im Herbst. Um 
den Einfluss der Temperatur auf das photoperiodische Verhalten dieser Pflanzen 
naher zu erforschen, wurden einige Untersuchungen ausgefihrt. 

Die Pflanzen wurden auf bereits beschriebene Weise im Gewdachshaus bei 30° 
gezogen®). Vor dem Versuche wurden 30 bis 40 Tage alte Pflanzen 2 Tage lang bei 
20° gelagert und dann wurde eine Gruppe von Pflanzen der Thermoperiode ausgesetzt, die 
aus der 16 stiindigen Kalteperiode von 10° und der 8 stiindigen Warmeperiode von 20° 
besteht. Andere Pflanzen wurden dauernd im Zimmer bei 10° belassen. Kontrollp- 
flanzen erfuhren keine Kaltebehandlung. Nach 5, 10 und 14 Tagen wurden die Ver- 
Suchspflanzen auf 30° zuriickgebracht und dort bis zur Ernte gezogen. 


Tabelle 1. Bltitenbildung von Pharbitis Nil, Rasse Kidachi, unter Dauerlicht* 
durch Kaltebehandlung. 


Ver- | Dauer der Kaltebehandlung in Tagen 
suchs- Temperatur Reaktion | 
nummer . 0 | 5 10 14 
Bliihverhaltnis 0/16 4/17 14/17 11/13 
I 10° Bluhprozent 0 23 82 84 
Bliitenzahl pro 10 
Prancer 0 3.926175 10.6221, 620 7aeSer 
Thermoperiode, | ae gates | 
die aus der 16 st. Bliihverhaltnis 0/21 5/10 | 16/16 12/12 
Te pe ope eee Blthprnzeny 0 50 100 100 
Wirmeperiode Bliitenzahl pro 10 
von 20° | besteht. Pflanzen 0 Deacewert (21.2+1.8 2020FeZ I 


* Dauerlicht von ca. 3000 Lux. 


Wie man aus Tabelle 1 ersehen kann, rief schon 5 tagige Kilte bzw. thermo- 
periodische Behandlung eine ausgepragtere Bliihforderung hervor. Ahnliche, aber 
etwas schwichere, Reaktionen wurden auch bei Rasse Violett beobachtet. 


* Laboratorium der Angewandten Botanik der Landwirtschaftlichen Fakultaét, Kyoto Uni- 


versitat, Kyoto, Japan. 3 #SASBL EMIS HEHE. 
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Tabelle 2. Thermoperiodische Bliitenbildung von Pharbitis Nil, Rasse 
Kidachi, in Abhaéngigkeit mit der Entblatterung. 


ry FUL 
| Thermoperiodische Bepangiine™ | a Suirollatehne 


Reaktion |J—_________ = s 
| Blatter intakt | Blatter beraubt Kaltebehandiung 
| 

Bliihverhialtnis | 13/13 4/17 0/20 
Blthprozent 100 | 23 0 
Bliitenzahl pro 10 Pflanzen fedeaig | 2.3+1.0 0 


1 


* 10 Tage von 16 stiindige Kaélteperiode von 10° und 8 stiindige Warmeperiode von 20°. 


Um die Rolle von Blattern bei der Bliitenbildung durch Kalte zu priifen, wurden 
eine Reihe Pflanzen aller Blatter beraubt und wie oben behandelt (Tabelle 2). Eine 
starke Bliitenbildung war nur bei den intakten Pflanzen zu beobachten. Ahnliche 
Ergebnisse wurden auch bei der Rasse Violett bestatigt. 

Tashima und Imamura‘) (1953) haben angegeben, dass bei einer Temperatur 
schwankend von 10° bis 15° im vollstandigen Dunkel sterilgezogene Keimlinge von 
Pharbitis zur Bliitenbildung veranlasst werden konnten, wobei nach ihnen der Licht- 
abschluss am. bedeutsamsten war. Es scheint jedoch nicht ausgeschlossen zu sein, 
dass die dabei benutzte, niedere Temperatur fiir die Ausbildung der Bliitenanlagen 
verantwortlich ist. Neuerdings ist eine giinstige Wirkung von niederer Temperatur 
auf die Bliitenbildung unter Kurztag bei Xanthium von Zeeuw’*) (1957) und bei 
Bryophyllum von Schwabe®) (1957) beobachtet worden. 
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Siam wwiKeeten siaslgeadan GEES 
x MB oh fB An? EMPSERA: TF ay, ITI, VHVO 
(dé #38 EB) TERE AMET OV, 


—ApIS (25 2748, ttK: HicwvT) 
fEAREEF: Azotobacter vinelandii (cist 
B27 ALR ROAMITOW TC. NWA: 
KKKD<. 
(RAR SEB) 

AACS (6H18H, RA: He flc3sT) 
Pe AIES: JEST ~~ YY OFEAA 
(FPABSCHB) 

se SK MAS (55 298, BA Bick T) 
Bl ME: RRBs LOLOMUOMMRE. 
KK: EAMLO MMA HHH. ASME: AA 
AICI SIA HO —I. KIC ABR, Selb 
Fizowec. HUAKB: LOAKRMRR & fl 
ARICOUC. HI SE: Re MIO ET 
PRBS. CHAU: EFRFOMRICOWT. 
RHR: VF 7PORAH OPM. tH 
BB: 4 4 RMMOREFSMHE. 1. 1 BH 
DMEM IS LOFEF MICA ERM FOR 
RRA. JIB: RM ARICOWC. AR 
BAT | EFI. Oi@YEAA (Charophyta) (cv. 
HRGSe: PABA RO Mics LIS LIEBE. 
& < (CHEK OR MA Hhihic ett STKE OK 
#. SUMS - SR FH: Vis} MBO(LFAR 
OE. THB -HREA: KARA: 33h 
FORME RNA. FR Mth: 7EMOPHICOV 
C. FRIRIER: tWVATROEOVREEK. 
(REE) 

MBAS (45 240, RA: + Hic) 
ABEME: Arab eV 7 + KHIR OI YEOTBRE. 
Maly 33: HAPEX=42A7 ROO AIRE O 
JEITOWC. RHR: zy avF¥yvLavex 


(AIMED) 


se 59 tae: (4H 238, AA + MHC IVT) 
ork: BAECTMOLARRES LOZ 2B 
74 VERO HBA. SF REERIAL: BERRAO HK 
MNES IT OVC. 

10 [ISMBAS (55H 28H, 298, AA: 
BizvT) 

HUSA: FEL O RE AEAE. SRARRRAR + BY Sin 
4: SAP OLAA RICAN SME 
OVC. SARE: ALIFE AB 4 HF 
Hl. PET ARREE: ADI D BMRICd bbNKA 
AX+RMOLREM HE. WII] ak - KEIR: 
+ KY PM ORAESARICOV TC, (1) ER EO 
AACS. FABLE HBL Bs FY 
OFEBRICOWC, (I) MFBFICOUTC. F 
HA &: DHGREDSARBEE OHM, HICH 
WEEO PE. HH TCH: BRIAR O RUMAH 
Hic c. RICH: RR ADKAKH ICOM 
Ct. Hf BK: AABI VAT BRAICOWMT. 
Bo W: PMOMTRFOUM. Re WR: *# 
AT EAT OMERBOVRICOW TC. PNM 
BB: FAVA EB SBM LUGE COM. 
WHA MR: TASYALCORMICHUSDETE 
ORS HE HB: TvsFr#¥7 LAA AIH 
MAIC BIS S MAMET. FERAL + HR 
#3E: HHMAHO RNA OFM. BR E- 
SRL: BERRAAD P2OL DCA, (1) BK 
KIC ISIFS P2 O47. FE ARB: BALHAO Br. 
LUARSR ALAR Be REE: FP AD Be. CORA 
KAltt, DHFS, HRFASLCOBMKALUT 
BATE S tv7c. 
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Cytological Studies in Polygonum and Related Genera I." 


by Yukio Dorma** 


Received December 21, 1959 


Polygonum and its related genera have been submitted to cytological studies by 
many investigators'"*). But the karyotypes of the members of the genus and its 
relatives have been scarcely studied in detail, as their chromosomes are so small that 
a karyotype analysis is difficult. They are also hard to stain. Darlington and Janaki 
Ammal*) and Darlington and Wylie!) reported various basic chromosome number for 
Polygonaceae, for instance b=8 for Fagopyrum***, b=10 for Muehlenbeckia, and 
b=10 and 11 for genus Polygonum. Love and Love investigated species of genus 
Polygonum found in eastern North America from the cytotaxonomic point of view’). 
They reported that the basic number may be 10 and the chromosomes are mostly 
V-shaped. The species studied by them range from diploid (2n=20) to octoploid 
(2n=80). 

The present author is studying Polygonum and its relatives from the cytological 
and embryological view points'!-™), The results of his cytological investigations of 
species mostly native in Japan are reported in this paper. 


Materials and Methods 


The large majority of the materials were collected by the author at several 
localities in Japan, mostly in Misima and the neighbouring areas. Some of the 
materials were supplied by Koishikawa Botanic Garden in Tokyo, and Higashiyama 
Botanic Garden in Nagoya. Table 1 lists the species, the chromosome numbers and 
the localities where the materials were obtained. 

Root tip cells and pollen mother cells were used for studies. The anthers were 
fixed with Farmer’s fluid for a little longer than one hour and 1 per cent aceto- 
carmine was used for staining of meiotic chromosomes. The following method was 
adopted for making temporary preparations of chromosomes of root tip cells: About 
lcm. long root tips were treated with 8-hydroxyquinoline (0.002 M) at 4°-20° for 4 
hours. After this pretreatment, the root tips were fixed in glacial acetic acid for 3 
days, then they were placed in a solution of 1N-hydrochloric acid at 60° for 6 
minutes for hydrolysis, transferred into Schiff’s reagent and mounted in it for 2-4 
hours. By this procedure, a small portion of the root tip becomes strongly stained, 
while the rest remains unstained. The stained portion was separated from the rest 
and squashed in a droplet of 1 per cent aceto-carmine. 

The method described above gave good results for staining. Pretreatment for a 
longer time than 4 hours proved to be unfavourable. 


* Contribution No. 322 from the National Institute of Genetics, Misima. 
** Biological Institute, Faculty of Science, Nagoya University, Chikusa-ku, Nagoya, Japan. 
Present address: National Institute of Genetics, Misima, Sizuoka Pref., Japan. 

*&k Some previous investigators treated buckwheat as belonging to Polygonum, but others 
treated it as Fagopyrum. In this paper it is referred to Fagopyrum. 
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The results are summarized in Table 1. and Figures 1-19. 
The chromosomes of the species used in this study are mostly V- or J-shaped. 
Regarding this point, the author’s results are in accord with the description of Love 


and Love’). 


Observation and Discussion 


Table 1. The chromosome numbers of some Polygonwm species 


Vol. 73 


Species Name 
PMC (n) 


Muehlenbeckia arisanensis Hay 
Polygonum hydropiper Linn. 
var. Maximowiczii (Regel) Makino 


P. nipponense Makino 

P. weyrichwt Fr. Schm. 

var. alpinum Maxim. 

. yokusaianum Makino 

. blumet Meisn. 

. persicaria Linn. 

. tinctortum Aiton. 

japonicum Meisn. 

thunbergit Sieb. et Zucc. 

. steboldi Meisn. 20 (II) 
. aviculare Linn. 

. nodosum Pers. 

. orientale Linn. 

. multyflorum Thunb. 

. cuspidatum Sieb. et Zucc. (2) 


yuyyeyyyyyyt 


P. perfoliatum Linn. 
P. bistorta Linn. 


P. tenuicaule Bisset et Moore 
Fagopyrum esculentum Moench 8 (ID 
F tataricum Gaertn. 8 (II) 


Author’s materials 


Root tip Localities Previous reporters 2n 
cell (2n) 

20 Tokyo* 
20 Misima Jaretzky (1928) 22, 24 
Sokolovskaja et al. (1938) 20 

20 Misima 
20 Mt. Fuji Sugiura (1925) 20 

40 Daiba 

40 Misima 
40 Misima  Jaretzky (1928) 44 
40 Tokyo* Sugiura (1936) 40 
40 Misima Sugiura (1936) 44 
40 Misima Sugiura (1936) 34 
Misima Sugiura (1936) 34 
60 Misima Live & Live (1948) 40, 60 
22 Misima Love & Léve (1942) 22, 44 
22 Misima Jaretzky (1928) 22 
22 Nagoya** Suzuka (1950) 22 
44 Misima  Jaretzky (1928) c. 88 
Sugiura (1936) 44 

24 Misima 
24 Mt. Ibuki Jaretzky (1928) 44 
Sokolovskaja et al. (1938) 46 

24 Hakone 
16 Nagoya Jaretzky (1927) 16 
16 Nagoya Sando (1939) 16 


* 


plants is unknown. 
**K 


the plants is unknown. 


These plants were supplied from Koishikawa Botanic Garden, Tokyo. The origin of the 


These plants were supplied from Higashiyama Botanic Garden, Nagoya. The origin of 


The chromosome numbers reported here are in several instances different from 
those reported by Jaretzky'*) and Sugiura’). P. persicaria, P. japonicum, P. thunbergii 


and P. sieboldi have 2n=40 according to the author’s observation. 
reported 2n=44 for P. persicaria, Sugiura found the same number in 


But Jaretzky 
P. japonicum 


and reported 2n=34 for P. thunbergii and P. sieboldi. The author found 2n=24 in 
P. bistorta, while Jaretzky reported 2n=44 and Sokolovskaja et al..*) counted 2n=46 
in the same species. Some of these differences may be the result of aneuploidy. 


September, 1960 ; Dora, Y. 339 


SP @ 

PRPS Q 

g a US ie QQ ae a8" 4 
Se eet an aoe 098 (SP B B 

Yass PB WW Bar O BY OS? 
90° ral 2 RG 50 SR, Aya 
“98 rad AOD 2G 8G “4 
dan” Sake ees. 7 eG 3 
% & 

(Be) 


HYS Y tS 
S50 cg WO og RB mae BE BOS 
Bae & sour Bay ge nance 
Pe PV ePras & 8 Vor ta13 Coat 
Fe eyes Se i 
< 
we Pm oo’ ~? 
ond ne mae Boos S o & 


18 19 

Figs. 1-19. Chromosome of Polygonum species. Magnification: ca. 2150 x 
Fig. 1. Muehlenbeckia arisanensis Hay. Fig. 2. Polygonum hydropiper Linn. var. Masxi- 
mowiczit (Regel) Makino Fig. 3. P. nipponense Makino Fig. 4. P. weyrichii Fr. Schm. 
var. alpinum Maxim. Fig. 5. P. yokusaianum Makino Fig. 6. P. blwmei Meisn. Fig. 7. 
P. persicaria Linn. Fig. 8. P. tinctortwm Aiton. Fig. 9. P. japonicum Meisn. Fig. 10. 
P. thunbergii Sieb. et Zucc. Fig. 11. P. aviculare Linn. Fig. 12. P. nodosum Pers. 
Fig. 13. P. orientale Linn. Fig. 14. P. multiflorum Thunb. Fig. 15. P. cuspidatum Sieb. 
et Zucc. Fig. 16. P. perfoliatum Linn. Fig. 17. P. bistorta Linn. Fig. 18. P. tenurcaule 
Bisset et Moore Fig. 19. Fagopyrum tataricum Gaertn. 


All figures show somatic chromosome in root tip cells except Fig. 19 which shows meiotic 
chromosomes in pollen mother cells. 
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Regarding this point, Jaretzky”) reported aneuploid chromosome numbers in P. filiforme. 
But Sugiura’) did not find aneuploidy in this species. Whether aneuploidy is found 
in the species mentioned above, presents a problem for further studies. Meanwhile, 
it is assumed that the different chromosome numbers reported for some species are 
due to geographical variation. 

As the basic chromosome number of the genus Polygonum, 10 and 11 have been 
assumed by previous investigators. Most of the species examined by the author have 
shown multiple numbers of 10 or 11 as described above. Furthermore, in three 
species: P. perfoliatum, P. tenuicaule and P. bistorta, 2n=24 were found. The first 
two species were examined cytologically for the first time. But for the last one, 
Jaretzky?) and Sokolovskaja et al.¥3) have reported 2n=44 and 2n=46 respectively. 
A basic chromosome number of 12, added to 10 or 11, could be assumed for such 
cases, although it is not safe to draw a definite conclusion without an examination of 


meiotic pairing. 


Summary 


Chromosome numbers of some species of Polygonum and related genera have 
been observed. The results are summarized in Table 1. In three species the basic 
number 12 has been found. This basic number was not yet reported up to date for 
Polygonaceae. 


The author wishes to express his appreciation to Prof. Tamaki Shimamura of 
Nagoya University, and to Dr. YO Takenaka, Head of Department of Cytogenetics, 
National Institute of Genetics, for their kind encouragements and advice during 
course of the present study. He also thanks to Dr. F. A. Lilienfelt, who was kind 
enough to make some corrections in the manuscript. 
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Studies on the Light Controlling Flower Initiation 
of Pharbitis Nil. VII: Light-break 


by Atsushi TAKIMOTO* and Katsuhiko IKEDA* 


Received March 4, 1960 


It is well known that a short interval of light (light-break) given during the 
dark period inhibits flower initiation of short day plants!”). Generally, the light- 
break is most effective near the middle of the daily dark period. When the light- 
break is given during a long dark period of 36-72 hours’ duration, it is effective only 
during the first 6 to 10 hours of darkness or towards the end of the dark period*-’). 

In a preliminary report, however, it was suggested that the light-break towards 
the end of the long dark period had little effect on the flowering response of 
Pharbitis seedlings’). 

Extensive studies have been made by Borthwick ef al. on the action spectrum for 
the light-break, and it was found that red light is the most effective’). Furthermore, 
it was found that the inhibitory effect of red radiant energy was almost completely 
reversed by a subsequent irradiation with far-red”). 

In Pharbitis, too, red light is the most effective portion of the spectrum for the 
light-break, but recently Nakayama reported that the inhibitory effect of the red can 
not be reversed by a subsequent irradiation with far-red in Pharbitis seedlings. 
Furthermore far-red radiant energy is also effective for the light-break when given 
to the plant during the initial hours of dark period'*). Thus, Pharbitis plants appear 
to differ from other short day plants in their response to the light-break. 

In the present experiments, the light-break with red or far-red radiant energy was 
given to Pharbitis seedlings at various times during the long dark period, and 
Nakayama’s experiments in which the antagonism between red and far-red was not 
observed were examined in detail. 


Material and Methods 


Material used was seedlings of Pharbitis Nil, strain ‘‘Violet’’. The experimental 
methods employed were similar to those described in a previous paper™). Red 
radiant energy was obtained from pink fluorescent lamps with a filter of 2 layers of 
red cellophane. Far-red was obtained from incandescent lamps with a filter composed 
of 5cm. water, 2 layers of blue and 2 layers of red cellophane. 


Experiments and Results 


Experiment 1. One group of plants were irradiated for 2 minutes with red 
radiant energy of 1.5 kiloerg/cm.?/sec. at various times during a 48-hour dark period. 
Another group was treated in the same way as the first except that 5 minutes of 


far-red followed the 2—-minute irradiation with red. 
Results are summarized in Fig. 1. Light-break with red was effective only 8 to 


12 hours after the beginning of the dark period. The red irradiation had no effect 


* Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
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Fig. 1. Flowering response of Pharbitis seedlings subjected 
to 2-minute red (1500erg/cm.2/sec.) and that followed by 5- 
minute far-red (15 kiloerg/cm.?/sec.) at various times during 
a 48-hour dark period. 

Solid line: red 
Broken line: red followed by far-red 
(Treated on March 17 and dissected on April 1, 1959) 


when given towards the end of the dark period. A far-red irradiation immediately 
following the red did not remove the inhibitory effect of the red at any time during 
the dark period, but it intensified the flower-inhibitory effect during the first 12 
hours. This result agrees with the findings of Nakayama’’). 

Experiment 2. One group of the plants were irradiated for 5 minutes with far- 
red radiant energy of 15 kiloerg/cm.?/sec. at various times during the 48-hour dark 
period. Another group was treated in the same way, but 2 minutes of red radiant 
energy followed the¥5-minute exposure to far-red. 
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Fig. 2. Flowering response of Pharbitis seedlings subjected 
to 5-minute far-red (15 kiloerg/cm.2/sec.) and that followed by 
2-minute red (1500 erg/cm.?/sec.) at various times during a 48- 
hour dark period. 
Solid line: far-red 
Broken line: far-red followed by red 
(Treated on March 18 and dissected on April 3, 1959) 


As shown in Fig. 2, far-red given during the first hours of the dark period 
inhibits flower initiation. Maximum inhibition was observed after 8 hours of the 
darkness. Red radiant energy following the far-red irradiation completely reversed 
the flower-inhibitory effect of far-red at the beginning or the 4th hour of the dark 
period, but had little effect at any other times. 
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Experiments 1 and 2 were repeated several times with dark periods of 16, 24 or 
32 hours. In all experiments, the light-break with red radiant energy was effective 
only after 8 to 12 hours of darkness and far-red acted like red only during the 
first 12 hours. Far-red following a red irradiation, and red following a far-red 
irradiation showed similar effects in all experiments. 

Experiment 3. One minute of red radiant energy of 1500 erg/cm.?/sec. was given 
in the middle of a 16-hour dark period, and far-red irradiations (15 kiloerg/cm.?/sec.) 
of various durations were given following the red irradiation. Results are shown in 
Table 1. 


Table 1. Flowering response of Pharbitis seedlings irradiated for 1 minute with red 
radiant energy of 1500 erg/cm.?/sec. followed by various durations of far-red 
irradiation (15 kiloerg/cm?./sec.) in the middle of a 16-hour dark period. 
(Treated on March 28 and dissected on April 16, 1959) 


Duration of far-red No. of plants % of plants No. of flower buds 
irradiation dissected with flower buds per plant 

Dark control 38 100 Sy Al 
0 BY) Bilao 0.6 
We 37 62.2 0.8 
5! 38 50.0 0.8 
10” 36 58.3 0.8 
30// BRYA 16.2 0.2 
i 37 29.8 0.3 
ar 37 Ae 0.0 
a 37 0 0 


A far-red irradiation for 1-10 seconds had no significant effect on flowering 
response, but irradiations of 30 seconds to 5 minutes intensified the flower-inhibitory 
effect. 

Experiment 4. One minute of red and 1 minute of far-red were given alternate- 
ly in the middle of the 16-hour dark period. As shown in Table 2, it appears that 
the inhibitory effect of the red irradiation is not reversed by a subsequent irradiation 


Table 2. Flowering response of Pharbitis seedlings exposed alternately to 1-minute red 
and 1-minute far-red irradiation in the middle of a 16-hour dark period. 
R: red radiant energy of 1500 erg/cm.?/sec. 
FR: far-red radiant energy of 15 kiloerg/cm.?/sec. 
(Treated on March 10 and dissected on March 27, 1959) 


No. of plants % of plants No. of flower buds 
ecalcne | dissected with flower buds per plant 

Dark control 37 100 Aa 
R 37 91.9 ae) 
FR | 37 86.5 edd 
R->FR | 36 52.8 0.8 
ROFR—R | 31 67.8 1.2 
R>FR—>R-FR | 35 0 0 

R>FR—-R-FR-R 37 27.0 0.3 
R>FR>R->FR-R-FR 37 0 0 
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with far-red, although the inhibitory effect of far-red is partially reversed by a 
subsequent exposure to red. This result does not agree with the results obtained 
with Xanthium, Biloxi soybean, etc., in which the inhibitory effect of red radiant 
energy is reversed by a subsequent irradiation with far-red. 

Experiment 5. One minute of red and 10 seconds of far-red, or 2 minutes of 
far-red and 20 seconds of red were given alternately in the middle of a 16-hour dark 
period. Results are presented in Table 3. 


Table 3. Flowering response of Pharbitis seedlings exposed alternately to 1-minute red 
and 10-second far-red irradiation or 2-minute far-red and 20-second red irradiation 
in the middle of a 16-hour dark period. 

(Treated on April 6, and dissected on April 25, 1959) 


No. of plants % of plants No. of flower 
Group | Treatment | dissected with flower buds buds per plant 

dark control 38 100 2.9 

R | 37 81.1 lel 

FR | 35 100 3.0 
R->FR 34 91.2 5 

YW RSEROR 36 55.6 0.6 
R>FR>R-FR 36 63.9 0.8 
R>FR>R-FR>R | 34 32.4 0.3 
R>FR->R-FR>R-FR 34 76.5 0.8 

FR 515) 85.5 Led 

R 38 84.2 1.3 
FR>R 35 74.3 0.8 

2 FR>R-FR 35 Ly Ne 0.5 
FR>R-FR-R 35 62.9 Ong 

| FR>R->FR>R-FR 35 2.9 0.0 

| FRSR>FR>R->FR-=>R 33 30.3 0.3 


Group 1 R: 1-minute red (1500 erg/cm.2/sec.) 

FR: 10-second far-red (15 kiloerg/cm.2/sec.) 
Group 2 F: 20-second red (1500 erg/cm.2/sec.) 

FR: 2-minute far-red (15 kiloerg/cm.2/sec.) 


Ten seconds of far-red given in the middle of 16-hour dark period had little 
effect on the flowering response, although such far-red radiant energy can partially 
reverse the inhibitory effect of red. 

If 2 minutes of far-red was followed by a 20 second exposure to red, the flower- 
ing response was reduced, but when both red and far-red are given alternately some 
reversing effect of red is observable. That is, the rate of repromotion appears to 
increase with repetition of cycles. 

Experiment 6. Plants were placed in darkness for 8 hours. At the close of the 
dark period red or far-red radiant energies of different intensities were given for 
various durations so as to make the total energy 180 kiloerg/cm.? or 1800 kiloerg/cm.? 
respectively. Immediately thereafter, plants were again placed in darkness for 16 
hours. 

Results are shown in Table 4. Both red and far-red inhibited flower initiation 
more vigorously when given at low intensities for long durations, 
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Table 4. Influence of light intensities upon effectiveness of light-break. 
Red or far-red radiant energies of various intensities were inserted between 8- and 
16-hour dark period for various durations, so as to make the total energy 
180 or 1800 kiloerg/cm.?, respectively. 
(Treated on April 25 and dissected on May 9, 1959) 
Light inserted Nowot % of No.of 
ese plants plants with flower buds 
Quality Duration Laan tae dissected flower buds per plant 
R De 1500 35 80.0 1.4 
R 15) 600 37 78.4 1.4 
R 30’ 100 35 68.6 1.0 
R 2h 25 38 0) 0 
R 4h 1245 37 0 0 
R 8h 6 34 2.9 0.0 
FR 2’ 15000 34 100 Drath 
FR Ly 6000 32 100 2a 
FR 30’ 1000 37, 45.9 0.5 
FR | 2h 250 37 37.8 0.4 
FR | 4h 125 37 16.2 0.2 
FR 8h 63 38 Tesia74 0.1 
dark control 38 100 4.0 
32h R (6 erg/cm.?/sec.) 34 2.9 0.0 
32h FR (63 erg/cm.?/sec.) 29 0 0 
Discussion 


In Pharbitis seedlings a light-break with red radiant energy is effective only 8 
to 12 hours after the beginning of the dark period. The process inducing flowering 
probably becomes light-sensitive at this time, and thereafter, the process becomes 
stable to the light. 

A brief far-red irradiation given during the first 12 hours of the dark period 
also inhibits flower initiation of Pharbitis Nil. As had been reported previously"), 
far-red preceding the inductive dark period also inhibits flowering especially when 
the far-red irradiation lasts for 8 hours or more. The present experiments showed 
that the flower-inhibitory effect of far-red is at a maximum near the 8th hour of the 
dark period. The first process of the inductive dark period is believed to proceed 
under far-red irradiation™’®!”). Therefore, it is conceivable that, if the far-red 
irradiation is continued for 8 hours or more preceding the dark period, the first 
process of the inductive dark period proceeds under this light, and the process 
becomes sensitive to far-red, and subsequently heavy flower inhibition takes place. 

Low-intensity light is also effective for light-break (cf. Experiment 6). Hitherto, 
an inhibitory effect of low-intensity light preceding the inductive dark period was 
considered due to the deficiency of photosynthate and was completely overcome by 
feeding sugar. Preliminary experiments, however, showed that the flower-inhibitory 
effect of low-intensity light preceding the dark period is not overcome by feeding 
sugar in Pharbitis plants (unpublished). Furthermore, as has been reported previous- 
ly: 1) the first process of the inductive dark period can proceed under low-intensity 
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light (10 lux)!*!”), 2) low-intensity light of less than 8 hours preceding the inductive 
dark period does not inhibit flower initiation if it contains little far-red, but that of 
8 hours or more inhibits flowering*-!’), 3) a brief red irradiation following the 8- 
hour low-intensity light period (preceding the dark period) inhibits flower initiation’). 
Therefore, it seems probable that low-intensity light of long duration preceding the 
dark period has a light-break effect. That is, during the first 6-8 hours of the low- 
intensity light, the first process of the inductive dark period proceeds'®*”) and the 
following low-intensity light period gives the light-break effect. 

In Pharbitis seedlings flower inhibition caused by a red interruption in the middle 
of 16-hour dark period appears not to be reversed by the following far-red irradiation 
of 1 minute or more. The far-red radiant energy may reverse the flower-inhibitory 
effect of red to some extent, but the flower-inhibitory effect of far-red—the mechanism 
appears to differ from that of the red interruption—may exceed the reversing one. 
As shown in Experiment 5, if the duration of the far-red irradiation was shortened 
to 10 seconds, some reversing effect is apparent. The reversing effect of the far-red 
may exceed the inhibitory one in this case. On the other hand, if the duration of 
the red irradiation was shortened to 20 seconds, some reversing effect of red on the 
far-red response was observed. 

Red radiant energy given at the 4th hour of the dark period does not inhibit 
flower initiation, but far-red given at this time does so. The inhibitory effect of the 
latter can be reversed completely by a following red irradiation (cf. Experiment 2). 
The red-far-red antagonism is observed clearly in this case. 

The flower-inhibitory effect of red and far-red radiant energy is assumed to be 
based on different mechanisms, although the antagonism between them exists in 
Pharbitis seedlings. Nakayama reported that in Pharbitis seedlings no repromotive 
action of a far-red irradiation immediately following the red one was observed. In 
his experiments, the intensity of far-red was so high that the inhibitory effect of far- 
red may have exceeded the reversing one. 

In other short day plants, such as Xanthium, Biloxi soybean etc., far-red may 
have little effect on flowering when given in the middle of the dark period, and the 
reversing effect of far-red may be observed more clearly. 


Summary 


1) A red interruption was effective for flower inhibition only 8 to 12 hours after 
the beginning of the dark period irrespective of the duration of the dark period. A 
5-minute exposure to far-red (15 kiloerg/cm.?/sec.) given immediately following a 2- 
minute red irradiation (1500 erg/cm.?/sec.) did not remove the inhibitory effect of red 
at any time during the dark period. 


2) A brief far-red irradiation given during the first 12 hours of the dark period 
inhibited flower initiation. Maximum inhibition was obtained at the 8th hour. Two 
minutes of red following 5 minutes of far-red reversed the inhibitory effect of far- 
red completely during the first 4 hours of the dark period, but had little effect at 
any other time. 


3) The inhibitory effect of 1-minute red irradiation given in the middle of a 
16-hour dark period was reversed to some extent by the following far-red irradiation, 
if the duration of the latter was shortened to some 10 seconds. 

The inhibitory effect of 2-minute far-red irradiation given in the middle of a 16- 
hour dark period was reversed to some extent by a following 20-second exposure to 
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red. 

4) The flower-inhibitory effect of red and far-red given at the 8th hour of a 
long dark period is stronger when given to the plant with low intensities for long 
durations than when given with high intensities for short durations. 


Grateful acknowledgment is given to Prof. S. Imamura for his suggestion and 
criticisms. 
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8 HA CRESS CS LU EPRI RE RT. SMHMOUAR HERA Ich C 2 RAE Fe 
25x, FO MH O~4 PEI Bled Clk, MAIC LATEFE RMAC ANSD, FG 
OAboRmeicisy. Clk, HEAL CO#BERA SHE. 

3) 16 RERIRWO SC LIOR AIL 10 PHO HER BACHE ZASL, MRO AED 
PEAKOBR LOL, TARE OBROADBAY BERGER. ChHICKLT, 2 MHOMASEL 20 
PM OREKECAICEARBRITI, REITER EEDA OBFE LO LRA HOB AODAAY 
BERGA. ; 

AREA LEDC OREETPE ILD SD, AAD eH CHEF IEE MIT Sie, FUE AD 
Wir jICAZSBARSW4OLEZSNS. 

4) ARI, VEAP ESET ROLE IIB SLOG, BVOLE RS IRN Sasa ERT 
HA eRtS. RPAF ES DCAD SHEA) 
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Studies on Adventitious Bud Formation 
(I) Morphological and Histological Observations on the 
Adventitious Buds on Tomato Leaves 


by Kayo FukumMoTo* 


Received March 5, 1960 


Adventitious bud formation on the leaf edge in Bryophyllum and Woodwardia 
orientalis Sw. is a well known fact. In other kinds of plants such a phenomenon, 
without special operations as cutting etc., can seldom be seen. Several years ago, 
when the author was engaged in grafting experiments on tomato plants, he found 
many adventitious buds and shoots formed on leaf rachises of stock-plants (variety 
Red Cherry) which were fully manured. Recently a similar phenomenon was report- 
ed by V. P. Rozhdestvensky (1958)'). He made detailed external observations on the 
bud formation, but no anatomical or histological research on it was made by him. 
In order to investigate this phenomenon more profoundly, the present author carried 
out in 1959 some field experiments and laboratory observations. The results are 
described in this paper. 


Material and Methods 


Three tomato varieties—Red Cherry, Yellow Pear and Jubilee—were used as the 
material. Seedlings raised in the nursery-bed were planted on the experimental field 
in June. Abundant manure and chemical fertilizers were put in the field at the time 
of transplantation. Additional fertilization was made several times during the grow- 
ing period. A few plants of the variety Red Cherry were planted in flower-pots 
with small doses of fertilizers given and were left to themselves without any trim- 
ming or pinching. These plants were used as acontrol. Experimental plants on the 
field were brought up by the common method of cultivation with propping and 
trimming. All lateral shoots on the stem were nipped off as they came out. The 
experimental plants belonging to the variety Red Cherry were divided into two 
parts. In the first part only the lateral shoots were removed, while in the second 
part the plants were pinched at a height of about 1.5m. when adventitious buds 
appeared on their leaves and all flower buds and young fruits borne on them were 
also removed. 

For anatomical and histological studies, portions of the leaf rachises, where 
adventitious buds appeared or about to appear, were cut off and fixed with 96% 
ethanol or Carnoy’s fluid. Preparations for microscopy were made by the paraffin 
method. Sections were cut 15 or 20% thick and stained by Heidenhain’s hematoxylin 
or gentian violet. 


Results 


The experimental plants showed some symptoms of superfluous nutrition during 
the vegetation period. Leaf blades became thicker and somewhat fleshy and bent 
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upwards at the margin. On the cut-surfaces of lateral shoots and floral axes were 
formed large calluses, and abundant callus-buds appeared on them. To avoid waste of 
nutrient substances, these callus-buds were also cut off as they appeared. Such 
phenomena as mentioned above were not seen on the control plants grown in flower- 
pots. Early in July, when the rainy season was over, adventitious buds began to 
appear on the leaf rachises of the experimental plants of Red Cherry and Yellow 
Pear. In Jubilee adventitious bud formation was observed about 20 days later. No 
adventitious bud was formed on the control plants. On August 5 the number of the 
adventitious buds were taken for each experimental plant. Tables 1 and 2 show the 


Table 1. The state of adventitious bud formation in Red Cherry (August 5) 


Experimental plants 
Leaf order* = ——_ otal 
Nos wieNos 2) Novo No; 4—- No: 5 Nov6 No» 7 No: 8 No:9 
17 1 1 
18 3 1 1 5 
19 0 2 2 0 0 4 
20 2 3 Z 1 0 2 2) 12 
21 1 (0) 3 2 : 2 3 3 17 
22 1 il 1 il 0) 3 1 2 10 
| 2 1 1 0 2 0 6 
24 1 1 2 2 6 
25 l 0 1 
26 1 1 
Total 6 4 6 8 5 7 10 7 10 63 


* Number was given from lower to upper. 


Table 2. The state of adventitious bud formation 
in Jubilee (August 5) 


state of adventitious bud formation 
in Red Cherry and Jubilee, respec- 


Beis wives Experimental plants aun tively. As shown in the tables, ad- 
NMLIP Nato Nes: Ned ofa" ventitious buds are formed only on 
: the middle and upper leaves on the 
13 1 stem. Old bottom leaves and young 
a2, 4 4 8 top leaves never form adventitious 
15 1 4 3 4 12 buds. On shade leaves they are 
16 1 4 3 6 14 seldom seen. The portions where 
17 2 4 7 13 adventitious buds are initiated are 
18 5 2 2 9 strictly confined to the axillary parts 
19 4 1 4 9 of petiolules on the leaf rachis (Fig. 
20 1 3 3 7 1). In other parts of the rachis ad- 
21 2 3 4 9 ventitious buds are never formed. 
29 4 0 2 6 Bud formation begins at first in 
93 3 2 5 the proxymal part of the leaf rachis 
24 1 1 and gradually proceeds toward the 
distal part. 1-3 buds usually appear 
Total 2 31 26 35 o4 on one leaf in Red Cherry and 


* Number was given from lower to upper. Yellow Pear, while in Jubilee as 
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many as.5-7 buds can be observed. Of all the buds formed only one or two continue 


to grow and the rest remain undeveloped. 


Figs. 1—4. Adventitious buds and shoots on tumato leaves. 1, bud primordia on a leaf 
(shown by arrows). 2, a flowering adventitious shoot. 3, two fruit-bearing adventitious 
shoots on a leaf. 4, sketch of the basal part of the adventitious shoots shown in Fig. 3. 
S, stem; L, compound leaflet; 1, simple leaflet. 


External morphology of the adventitious buds: The first sign of adventitious bud 
formation is shown by a slight rising on the leaf rachis. This sphere of rising is 
3-5 mm. in diameter and is easily distinguished from the other part of the rachis by 
its pale yellowish colour. Before long a small projection or protuberance appears in 
the centre of this sphere (Fig. 5-A) and a few minute primitive leaves are formed 
about it (Fig. 5-B, C). These leaves have no leaf blade and present an appearance 
of a small mushroom. At this stage no distinct stem can be seen from the outside. 
At the next stage the basal part of the bud grows upwards into a short stem bear- 
ing several incomplete simple leaves on it (Fig. 5-D). The process of adventitious 
bud formation up to this time is rather laggard and many of the buds stop their 
growth at this stage. 

Rozhdestvensky reported that he had observed a tuberous basal part of the 
adventitious bud. The present author, however, did not find such a phenomenon. 
After this stage some of the buds grow up into shoots with full-developed leaves, of 
which the lower ones are of simple structure and the upper of compound structure. 
Under better conditions such adventitious shoots form the first zmflorescence on their 
stem near the 5th or 6th true leaf. On the plants of Red Cherry belonging to the 
second experimental part, of which the tops, flower buds and young fruits had been 
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Fig. 5. Drawings to show stages in the development of an adventitious 
bud on the leaf rachis. 


removed, some of the adventitious shoots bore a few fruits before the end of August 
(Fig. 3). On the other experimental plants which had been left with their primary 
fruits on the stem no flower of the adventitious shoots developed into fruit. 
Anatomical and histological observations: Prior to the adventitious bud forma- 
tion, subepidermal parenchymatous cells and even epidemal cells in the axillary parts 
of the petiolules begin to divide (Figs. 6, 7), forming a new tissue composed of one 


Fig. 6. Drawing of a vertical section Fig. 7. Binucleated cells and just divided cells of 
through the upper portion of the leaf the leaf rachis at an early stage of bud formation. 
rachis, showing just divided young cells a—c, epidermal cells; d—e, subepidermal cells. x 365. 
in epidermis and in subepidermal chlo- 
renchyma. x 200. 
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or two layers of small cells beneath the epidermis. These cells are rich in cytoplasm 
and colourless plastids (cf. Crooks?)) and can be deeply stained by dyes (Fig. 8-A). 
In younger leaves such ‘‘rejuvinated”’ tissue is found only just under the epidermis 
of the axillary risings, while in older leaves it can be seen all around the rachis. 


Tees e5K A, 
aes es Fae? 
Sol EEE 


ny 
ce 
ue) 


Fig. 8. Drawings of vertical sections through the upper portion of the leaf rachis, 


showing the protuberance in which a growing point is beginning to be formed. A, early 
stage; B, later stage. 125. 


In the centre of the rising these small cells continue to divide and by this 
process a dome-shaped ‘“‘nidus’”’ of embryonal cells is formed here (Fig. 8-B). As 
cell divisions go on, this portion of the subepidermal tissue swells out into a bud 
primordium on the surface of the leaf rachis (Fig. 9). After a while a few leaf 
primordia are developed about the protuberance (Fig. 10). The first procambia 


' Fs ae OL Po : 

. Photomicrograph of a longi- Fig. 10. Photomicrograph of a me- 
tudinal section of a bud primordium. dian longitudinal section of an adven- 
gp, growing point; mc, meristematic titious bud. gp, growing point; Ip, 
cells formed in parenchyma; ct, con- leaf primordium; pc, meristematic 
ducting tissue of the mother leaf. x tissue or procambium of the bud; ct, 


108. conducting tissue of the mother leaf. 


x 40. 
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appear in the leaf primordia before any vascular connexion between the bud axis 
and the stele of the rachis is established. At this stage a typical vegetative cone is 
formed at the apex of the bud primordium. 

Meanwhile, at the bottom of the newly formed meristematic zone, deep seated 
parenchymatous cells of the rachis divide successively, forming the procambial 
strands which gradually extend towards the conducting tissue of the rachis (Figs. 9, 
10). In Figs. 11 and 12 is shown the meristematic tissue or procambium just 


z ln Ts : oe - ~ OM 
Fig. 11. Photomicrograph of a Fig. 12. Highly magnified photo- 
longitudinal section of the basal part graph of the portion shown in Fig. 
of an almost completed adventitious 11 by an arrow. mc, meristematic 
bud, showing the meristematic tissue cells; ph, phloem; xy, xylem. x512. 


connected with the vascular system 
of the leaf rachis. cr, cortex of the 
bud; pc, procambial strand; vb, newly 
formed vascular bundles; ct, conduct- 
ing tissue of the mother leaf. x 84. 


attached to a primary vascular bundle of the mother leaf. In Fig. 11 newly formed 
vascular bundles are also seen in the lower part of the procambial strands. At later 
stages of development, vascular system of the adventitious shoot is observed com- 
pletely jointed with that of the leaf rachis, although the arrangement of the vascular 
bundles near the jointing point is very irregular. Similar mode of conducting tissue 
formation in adventitious buds was observed in the hypocotyl of flax by D. M. 
Crooks (1933)2), in the root-tuber of sweet-potato by K. Yasui (1944)%) and in the 
stem-callus of lime etc. by V. N. Jultsev (1955)*). 


Consideration 


Adventitious bud formation in regenerating tissues and organs has been reported 
by many authors. But the instances on tomato leaves as found by Rozhdestvensky 
and the present author are rather rare, and it is expected that this finding may serve 
as a clue to throw light on the mechanism of the normal organogenesis in higher 
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plants. The present report only deals with the results of morphological observations 
on the adventitious bud formation. The most interesting questions such as the cause 
of the adventitious bud formation on the leaf rachis or the reason of the restriction 
of the position of the formation within the axile of the leaflet are not touched on in 
this report. To answer these questions, more critical and experimental studies must 
be carried out. For the present only a supposition can be put forward that some 
hormone-like substance in collaboration with other material substances stimulates the 
bud initiation, and that the positional relation of the tissue or the organ concerned 
also plays an important role in it. Concerning the latter problem, it will be worth- 
while to refer to Yasui’s opinion that ‘‘any embryonal cell of a plant can be de- 
veloped into an organ of a plant if it were placed in a suitable situation in which 
the very organ should develop under the normal condition’’. 


Summary 


1. Vigorous adventitious bud formation was observed on the leaf rachises of the 
tomato plants abundantly fertilized and systematically trimmed. 

2. Adventitious buds appear only in the axillary parts of the petiolules of the 
middle and upper leaves. 

3. Under better conditions some of the buds develop into fruit-bearing shoots. 

4, Anatomical and histological investigations of the bud formation were made. 

5. Growing point of an adventitious bud is initiated in the subepidermal tissue 
of the leaf rachis as a small group of meristematic cells, which are produced by cell 
divisions of the subepidermal chlorenchyma. 

6. An adventitious bud appears at first as a small protuberance on the leaf rachis. 

7. A few leaf primordia and a typical vegetative cone are formed on the pro- 
tuberance. 

8. Somewhat later the basal part of the bud grows longitudinally, and thus an 
adventitious shoot is formed. 

9. By cell divisions in the depth of the parenchyma the procambial strands 
extend downwards to connect with the conducting tissue of the leaf rachis. 

10. At later stages of development, the newly formed vascular system of the 
bud is seen completely jointed with that of the leaf rachis. 
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Biochemical Studies on Calcareous Algae 


1. Major Inorganic Constituents of Some Calcareous Red Algae* 


by Kurazo Furuya 


Received March 7, 1960 


The red algae belonging to Corallinaceae have been known to contain a remarkably 
large amount of calcium chiefly in form of its carbonate). Also in some members 
of Chaetangiaceae (Galaxaura), Squamariaceae (Peyssonnelia) and others the deposi- 
tion of calcium takes place, though to a lesser extent®). While there are no essential 
differences between calcareous and non-calcareous red algae in respect of the mode 
of reproduction as well as of the chemical nature of storage substances as floridean 
starch’~*) or cell wall constituents such as cellulose”*"°) and galactan sulfate”-" ), 
the lime incrustation of calcareous algae represents a striking contrast to other red 
algae. The calcareous algae grow side by side with non-calcareous algae under the 
same habitat conditions. In view of these situations it may be inferred that in the 
calcareous algae some particular metabolism is operative in connection with the 
specific calcium deposition. 

Together with lime magnesium carbonate has also been known to occur in 
CoraJlinaceae!’), but its content has hitherto been estimated for relatively limited 
species. It will be interesting to see whether or not the content of magnesium in 
calcareous algae is related in some way with that of calcium. 

As to the inorganic anions other than carbonate, sulfate and phosphate may be 
considered important. Sulfate is an essential constituent of the intercellular substance 
of the red algae, presumably corresponding to the pectin of higher plants, and confers 
acid property on this substance. Phosphate was suggested by Roche e¢ al.'*) to take 
some part in the calcification of calcareous algae analogous to the ossification in 
animals. 

The present series of investigations has been undertaken as an ultimate aim to 
give some information about the mechanism of lime deposition in calcareous algae. 
In this paper the author will report as a preliminary step, the results of the determina- 
tion of some inorganic constituents of various calcareous algae together with some 
microscopic observations of the initial stage of calcification. 


Materials and Methods 


In the present study analyses were made with eight species belonging to Coral- 
linaceae and three species belonging to Chaetangiaceae. Most of them were collected 
during March to July, near the Shimoda Marine Biological Station of the Tokyo 
University of Education. The collected materials were washed thoroughly with 
distilled water until they were free of soluble chloride and air-dried. Prior to use 
they were powdered. 

Total amount of ash was estimated by incineration of each material at 500 to 
550° for about 10 hours. With the ash thus obtained the determination of calcium, 
magnesium, sulfate and phosphate was carried out. Separation of calcium and 


* Contribution from the Shimoda Marine Biological Station, No. 102. 
+* Biological Institute, Tokyo Gakugei University, Tokyo, Japan. 
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magnesium was made in the usual way. Calcium was estimated by precipitation as 
Ca-oxalate followed by titration with permanganate. Magnesium was isolated as 
magnesium ammonium phosphate and weighed in the form of magnesium complex 
of oxine!’). In calcareous algae, as in other red algae, a part of sulfate is present 
as polysaccharide sulfate and the sulfuric acid of this type is partly lost by incinera- 
tion. Accordingly the determination of total sulfate, the sum of inorganic and ester 
sulfate, was made by boiling the sample with 12 per cent hydrochloric acid and 
weighing the sulfate in the digest as barium sulfate. Carbonate was estimated by 
the liberation of carbon dioxide by addition of 5 per cent hydrochloric acid at room 
temperature and absorption in soda lime. 

The sections for microscopic examination were prepared by the procedure used 
in mineralogy, as the thallus of calcareous algae is heavily incrusted with lime 
rendering the use of conventional microtome impossible. With Joculator maximus 
two sorts of the sections were prepared, the one was at right angle to the longitudinal 
axis of the thallus and the other parallel with it. For studying the calcification at the 
initial stages of thallus development, mature tetraspores of Amphiroa ephedraea were 
sown on the glass slide and cultured in the laboratory of the Shimoda Marine 
Biological Station. 


Results and Discussion 


The results of the quantitative analyses of the principal inorganic constituents 
of several calcareous algae are shown in Table 1. 


Table 1. Inorganic constituents of algae belonging to Corallinaceae and Chaetangiaceae. 


| 70 of dry weed Molecu- Bes pe 
Species Total | Cal- oe a SOs tie rcuitteds 
ash | cium| sium = iT otal man CO;/Ca mon 
Amphiroa aberrans 62.52] 28.21| 5.36 | 38.22|13.03/5.58] 0.34 0.90 64.97 
A. crassissima 58.28 | 27.72| 4.34 |38.99/12.00/5.41] 0.34 | 0.93 66.28 
By A. ephedraea 61.47] 29.01] 4.29 | 40.21] 11.57|5.28] 0.341 0.92 68.36 
8 A, dilatata 60.25] 28.05) 5.05 | 38.62) 12.56|5.46| 0.31 0.92 65.65 
FE} Joculator maximus 62.27| 28.12] 4.82 |38.37|12.89|5.68] 0.30 |. 0.91 65.23 
’S | Cheilosporum 
5 jungermannioides 60.09| 28.14] 5.72 |38.74|12.19|5.18]| 0.31 0.92 65.86 
Corallina pilulifera 63.13] 27.89] 5.32 |39.35])12.13/5.48] 0.34] 0.94 66.90 
Lithophollum okamurai | 66.86|32.04| 4.98 |41.28|13.12/6.05| 0.34 | 0.86 | 70718" 
F 2 Actinotrichia fragilis 50.13 | 25.25 34.21 : | 0.90 |. 58.16 
38 cae fastigiata | 56.72| 25.02 (35.22 | 0.94 | 59.87 
O "ea . falcata 40.18} 8.98 |12.44 0.91 Slee 


It can be seen that calcareous red algae contain an exceedingly large quantity 
of ash, amounting on a dry weight basis to 60 to 67 per cent in Corallinaceae and to 
40 to 58 per cent in Chaetangiaceae. Calcium contents were found to be about 28 to 
32 per cent for Corallinaceae and about 8 to 25 per cent for Chaetangiaceae respectively. 
These values are nearly the same as found in other species of coralline algae’). 
The relatively high content of magnesium, 4 to 6 per cent, seems to be characteristic 
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of Corallinaceae, since the magnesium content of other red algae such as Chondrus 
crispus (1.42%), Gracilaria confervoides (0.29%), Delesseria sanguinea (0.45%)") as 
well as green algae with lime incrustation such as Halimeda (0.26%)'"), was low 
compared with coralline algae. It is to be noted in this respect that the ratio of the 
content Ca/Mg of calcareous algae, 5 to 8, is reversed in the sea water, ca. 1/37). 


Table 1 also indicates that nearly all of calcium exists in form of its carbonate, 
a result conforming generally to the findings of earlier workers?-*). A slight deficit 
of carbon dioxide versus calcium indicates the binding of a small part of calcium 
with some other acids, among which ester sulfuric acid and organic acids* may be 
considered probable. 

Further it was found that coralline algae contain a considerable amount of 
sulfate. When tested for free sulfate with the fronds of Joculator maximus and 
Amphiroa dilatata by extracting with 10 per cent hydrochloric acid at 15 to 17° and 
examining with barium chloride, only a negligible amount of barium sulfate was 
produced indicating free sulfate being nearly absent from these algae. 


A comparison of the results of sulfate estimation in ash on the one hand and in 
acid hydrolysate on the other suggests that almost all of the sulfate exists as mono- 
ester sulfate, since by incineration half the amount of sulfate of this form will be 
lost as volatile oxide). The ester sulfate may be considered to exist in part as 
polysaccharide sulfate with galactose as chief sugar constituent, that is found 
universally in red algae’). 

The content of phosphate in coralline algae is much smaller than that of sulfate. 
As with sulfate the content of phosphate varies only slightly from species to species. 


As early as 1882 Berthold reported that the deposition of calcium begins to take 
place at an early stage of the development of the algae”). The author has examined 
the course of lime incrustation with the germinating tetraspores of Amphiroa ephedraea 
as follows. Freshly harvested mature tetraspores were sown on several slide glasses 
which were placed in Petri-dishes containing sea-water. The dishes were kept in the 
laboratory at about 20° (early in June) at the side of window facing south-west. 
Under these conditions germinated spores grew rapidly, usually attaining 16-cell stage 
within 20 hours. The germlings on the slide were examined microscopically under 
ordinary light as well as with crossed nicols. As shown in Fig. 1, where early stages 
of the development are seen, the calcification occurs as early as at 2-cell stage. 
With the progress of the development the lime incrustation increases gradually until 
heavy deposition, as illustrated in Fig. 2, is reached. 


The accumulation of lime starts at the middle lamella of the cell wall and 
gradually extends to the inner part. The incrustation of lime seems to play an 
important role for the maintenance of the tissure structure of coralline algae, as can 
be seen in the following observation. When dilute (ca. 5%) hydrochloric acid was 
dropped on the microscopic section of the frond of Joculator maximus and examined 
under the microscope, brisk gas evolution was observed with simultaneous dissolution 
of the incrusted lime. If then the section is lightly pressed under cover glass, the 
tissue is seen to loosen and the constituent cells become separated each other. 


: : j - F 
* Ag will be shown in another paper of this series comparatively large amount oi organic 
acids is present in calcareous algae, 
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Fig! 1. Germination tetraspore of Amphwroa ephediaeuw ob- 
served under crossed nicols. Spores of various stages of cleavage 
are seen with lime incrusted part appearing bright (600). A. 
Early stage. B. Advanced stage. 
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Fig. 2. Sections of mature thallus of Joculator maximus 
showing heavy incrustation of lime at the cell wall (x 600). 
A. Section at right angle to the axis of growth, under 
ordinary light. B. The same under crossed nicols. C. Section 


parallel to the axis of growth under ordinary light. D. The 
same under crossed nicols. 


Summary 


1. With 11 species of calcareous red algae, of which 8 belonging to Corallinaceae 
and 3 to Chaetangiaceae, the content of Ca, Mg, CO;, SO, and PO, was estimated. 
2. Calcareous red algae were found to contain a remarkably large quantity of 


calcium carbonate, its amount being 65 to 70 per cent in Corallinaceae and 21 to 60 
per cent in Chaetangiaceae. 
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3. The incrustation of lime was examined with the developing tetraspores of 
Amphiroa ephedraea and found to start as early as at the first cell division. 

4. Magnesium content of coralline algae was found to be generally high com- 
pared with that of non-calcareous red algae. 


5. An appreciable quantity of sulfate is present in calcareous red algae. Its 
content in ash is about half as much as found in the acid hydrolysate of the frond, 
indicating its occurrence in monoester form. The content of ionizable sulfate is ex- 
ceedingly small, if existing at all. 

6. Phosphate content of coralline algae is low and in nearly the same order as 
of non-calcareous red algae. 


The author wishes to thank Prof. T. Miwa of the Tokyo University of Education 
for his kind guidance throughout the course of this work. Thanks are also due to 
Dr. M. Chihara of the Shimoda Marine Biological Station for his kindness shown in 
the collection of the materials as well as in the cultivation of the tetraspores. 
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The Microbiological Studies of the Lakes of Volcano Bandai 
II. Ecological Study on Aquatic Hyphomycetes 
in the Goshikinuma and Akanuma Lake Group 


by Shizuo SuzuKI* and Hiroyoshi NimurA** 


Received April 6, 1960 


Most natural fresh waters contain various kinds of fungi often designated roughly 
as water-molds. Not only do these molds abound in fresh waters of all sorts, but 
they also represent many genera and species. The aquatic Phycomycetes are the 
members of a dominating group among aquatic fungi, but many other species have 
been found in lakes and rivers. 

Aquatic Fungi Imperfecti, particularly representatives of Hyphomycetes, are very 
common in various types of habitats such as lakes and running waters of brooks 
and rivers'?*), Though extensive works have been accumulated concerning the 
distribution and taxonomy of these fungi, no attention has been paid to the ecology 
of them. The writers visited the lakes of the Goshikinuma and Akanuma Group in 
July, 1959, for the ecological studies on aquatic Hyphomycetes. 


Experimental method 


Leaves fallen in the water and attacked by the fungi were brought back into 
the laboratory in stoppered polyethylene sacks as soon as possible. Six to eight leaves 
were collected in each lake at the different stations. The leaves were put in shallow 
petri dishes with sterilized water immersing almost all of the leaves or stems, and 
allowed to stand at 20°. The conidiophore and conidia were found on the submerged 
leaves within a day. Later examination was carried out under low microscopic power. 
A piece of leaf was stained with lactic phenol cotton blue to make observation in 
detail. The frequency of fungi in the total leaf samples was examined in each lake. 


Physico-chemical specificity of lakes 


The lakes studied by the writers belong to the Goshikinuma and Akanuma 
Group, and are situated at the foot of Volcano Bandai, Fukushima Prefecture. They 
were formed at the time of the famous eruption of Volcano Bandai in 1888. They 
have small and shallow basins. Table 1 shows the physico-chemical data of the lake 
waters sampled in July 1959‘). The surface water temperature was 14-23°. 


According to physico-chemical characters, the lakes were divided into the following 
two types: 


1. Acidotrophic type (pH:3.8-5.8) 
Bishamon-numa, Midoronuma, Benten-numa, Aonuma, Rurinuma, Akanuma, Koke- 
numa, Hydtan-numa, Aodoronuma 

2. Harmonic type (pH:6.2-6.5) 

Yanaginuma, Jimushonuma, Nishiyanaginuma, Yarokunuma. Tatsunuma 
One of the most remarkable characters of the former type is the strong acidity 
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Table 1. Physico-chemical data of the Goshikinuma and Akanuma Lake Group. 


Water | | | | 

toes bakes Bign bedi AP ean neh ese nag yo mea | Oe. 
Akanuma 14.0 3.8 324 166 106 14.55 1.8 
Hyotan-numa 16.5 4.1 442 133 162 0.25 1.9 

2 Kokenuma 16.0 4.3 442 144 202 0.16 2.6 
e. Aodoronuma 19.0 4.4 326 101 150 0.07 ne 
= Aonuma IAM ae | ARG} 260 181 116 0.04 1W/ 
5 Rurinuma 22.0 An 353 195 68 0.17 2.2 
< | Benten-numa 23.0 5.2 364 186 148 0.01 107 
Bishamon-numa 21.0 5.2 429 76 128 0.18 1.4 
Midoronuma 15.0 5.8 235 134 182 0.76 1.0 
Tatsunuma | 19.0 62% 5.300 4a 95 122 0.28 0.9 

‘| Nishiyanaginuma 18.50, 6.857 154. |= 76 106 ar) FOR? 
= | Yanaginuma | 19.5 6.5 178 | 65 116 0.08 0.1 
§ | Jimushonuma 1510.08 1.16.5 153 64 = 119 1.75: || 0.9 
Yarokunuma | 18.0 6.5 235 | 70 | 130 0.04 —_— 


of the lake water, caused by the sulphuric acid from the acidic rivers of volcanoes 
or underground springs. The lakes belonging to this type are the inorganic acido- 
trophic type. The water colour of these lakes is wonderfully pale blue. On the other 
hand, the harmonic type reacts as neutral and the water is dark yellow green as in 
the water of other eutrophic lakes in general. 

The water contains large amounts of mineral components and it is measured 
about 1-2¢./].°°). Especially sulphate, calcium and chlorine are present in large 
amounts. The amounts in the surface water of each type are as follows: 


Acidotrophic type Harmonic type 
SO, mg./I. 235-442 153-300 
Ca mg./I. 76-195 64-95 
Cl mg./l. 68-202 106-130 
Mn mg./l. 1.0-2.2 0.1-0.9 


It is an intresting fact that the water of the harmonic type reacts neutral in 
spite of containing large amounts of mineral elements. 


Distribution of aquatic Hyphomycetes 


The aquatic Hyphomycetes were distributed widely in the harmonic lakes as 
well as in the acidotrophic ones. The standing crop of aquatic Hyphomycetes, 
however, differed with the lake type, and it was more abundant in the harmonic 
lakes than in the acidotrophic ones. The fungi were found on almost all leaves 
sampled from the harmonic lakes, while they were very scarce in the acidotrophic 
ones. The result indicated that the fungus production in lakes had close correlation 
with the pH value of water as well as the amount of mineral elements. 

The temperature of the water plays a rather important role in the production of 
aquatic Hyphomycetes. According to Tubaki’s experiment’), the limiting of tempera- 
ture for the growth of these fungi is about 25-27°, while the sporulation occurs only 
below 25°. During the writers’ visits in July, 1959, the water temperature of the 
Goshikinuma Lake Group was 14-23°, and the aquatic fungi were found abundantly 
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in these lakes. af. 
With some possible exception of certain species, the fungus flora of the lakes o 


Volcano Bandai seems to have close relation with the diversity in chemical properties 
of the lake waters (Table 2). 


Table 2. Distribution of aquatic Hyphomycetes in the lakes of the 
Goshikinuma and Akanuma Group 


. 3% a 
fsiis|s 2 3 § fs |.e88/ se] @ 
aS 8 = £3 5 ~ Sales > 3s a) 8 
ae: Lakes Ss | eS [a8 |-s3 | FS) 8a) Ss tssis) So] 8 
types % S2|S3|S2|2$/S2/S8/S2 Sos S28) = 
3S 3 Ss > 3 = 3 be 3 ssi 8 
3 Ss Qs ss 3 8 = ~ 
&§ | 88) $8) 8F| 8s | ss] ss FSS) Fe] S 
X ae & N N & B® & x 
| — a 
| Akanuma — - | = ie = = = “fe | 
| | | 
Hyotan-numa a = Togiedt M3 at 4t a 
oO Kokenuma = — ee a) | ys — * = aie - | - 
= Aodoronuma emai olen meine Beare — el hn “ke - = 
° | | m2 
= Aonuma | +} - — ae =) tke thet 2 = ol 
= Rurinuma i Shel jee es 4 ae ee ee me LSP ear 
= Benten-numa ot ee — | pe hel es = = = = 
Bishamon-numa - = — clin oc wares - | - A= at ES 
Midoronuma Rae DN ine ete oe ee eee & = 
Tatsunuma = Ss os # ae Te a ~ + a 
2 Nishiyanaginuma + - - =- + am = = ae se 
iS) ; 
~ Yanaginuma ~ Ht > tt + + + tt os 
w 
a Jimushonuma = =; *5 se = 2s : Ly az = 
Yarokunuma “fs a fe 23 J B on wv: = Fe 


Five species were obtained from the acidotrophic lakes, while nine species were 
found in the harmonic lakes. The group of aquatic Hyphomycetes seems generally 
to have a world-wide distribution. Among the fungi belonging to known species, 
Tricladium gracile var. oxyphilum, Tetrachaetum elegans, Lunulospora curvula and 
Triscelophorus monosporus were the most common in the lakes. However, some of 
the fungi require their own special biotope. 

The most interesting species is Tvicladium gracile var. oxyphilum. This species 
was found in the acidotrophic lakes, but never in the harmonic lakes. The fungus 
somewhat differed from 7. gracile in either morphological or physiological natures. 

Lemonniera aquatica and Anguillospora longissima were distributed both in the 
acidotrophic and the harmonic lakes. These species were found in the acidic water 
containing large amounts of mineral acids. On the other hand, many species were 
obtained from the harmonic lakes, but Tricladium gracile var. oxyphilum was not 
obtained from the harmonic lakes. 


Physiological characters of some aquatic Hyphomycetes 


So far as ths studies in the lakes of Volcano Bandai are concerned, the chemical 
specificity of lake waters seems to be the most essential factor. Because of physico- 
chemical specificity of acidotrophic lakes, the occurrence of a dominating quality of 
some one species was seen, and other species of aquatic Hyphomycetes were very 
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rare or non-existent. In order to understand the adaptability of fungi to the acido- 
trophic water, the writers made the following experiment. 

The aquatic Hyphomycetes were inoculated in pure culture on yeast extract 
glucose agar, on which the conidia formation did not take place. A piece of mycelium 
of these fungi was submerged in the lake water which was taken from the lakes 
Goshikinuma Group. After this was allowed to stand for a day or two at room 
temperature (15-20°), the formation of conidia in the lake water was examined. 
The results of these experiments are given in Table 3. 


Table 3. Effect of the lake waters upon the formation of conidia in some 
aquatic Hyphomycetes 


is} 38 s 
iS 3 
35 Stal URE, Encretiotg 2 
“aoe Lakes 2% 2. SS “3.2 8% Ss 
Brees ss a £3 ss $s 38 
ss Qs ss gs 83> ss 
| SR aeialt MONG aks tS 4) ta Ss tat he 
= S | S o > x 
Pa at se AP ea: i B BS 
Akanuma Ht = _ -- — tt 
| 
Hyotan-numa tH = = ai = tit 
2 Kokenuma Ait = ae = mm 
2. Aodoronuma it — _ -- — Hf 
= Aonuma +h fe + “+ — tH 
S Rurinuma 4h aa = + v4 4 
Benten-numa Ht - _ + _ 4 
Bishamon-numa Hh ++ Ht +t = Ht 
Midoronuma +t Ht Ht +t Ht ttt 
2 Tatsunuma +t Ht ttt Ht + tt 
§ Nishiyanaginuma if Ht Ht Ht sie tt 
E Yanaginuma Ht Ht Ht Ht tt Ht 
a Jimushonuma i +t tt tt Ht tt 


The different features of the formation of conidia are recognized with each 
species and different kinds of lake water. Tyricladium gracile had the highest resist- 
ance against the disharmonic water. The conidia formed in the water of the acido- 
trophic lakes as well as in the harmonic ones. Anguillospora longissima is perhaps 
suitable to the acidotrophic lakes. The conidia formed even in the strong acidic 
water containing large amounts of mineral acids. 

On the other hand, the formation of conidia of Tetrachaetum elegans and Artic- 
ulospora tetracladia took place only in the sampled waters of the harmonic lakes 
and a weak acidic lake, Lake Midoronuma, but never in the other acidotrophic lakes. 
The experimental result of conidia formation of Clavariopsis aquatica, which was not 
obtained from the lakes of Volcano Bandai, is the same as the above mentioned two 
species. 

The conidia of Lemonniera aquatica are abundantly produced in the harmonic 
lakes, while they are relatively scarce and slow in production in the acidotrophic 
lakes. The fungus seems to be suitable to the acidotrophic water more easily than do 
Tetrachaetum elegans, Articulospora tetracladia and Clavariopsis aquatica. The 
writers also isolated Lemonniera aquatica from Lake Benten-numa and Akanuma, 
waters of which show in testing strong acidity. These facts are in accordance with the 
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results in the laboratory experiments. 

According to these cultural experiments, the waters of Lake Akanuma, Hyodtan- 
numa, Kokenuma, Aodoronuma, Rurinuma and Benten-numa are toxic to the aquatic 
Hyphomycetes. On the other hand, the waters of Lake Aonuma and Bishamon- 
numa are not so toxic to the fungi as was considered previously. These differences 
in the toxicity may perhaps be caused by the acidity of lake water, but not the 
chemical components. 


Summary 


The distribution of aquatic Hyphomycetes was studied in the lakes of Volcano 
Bandai, Fukushima Prefecture, Japan. 

According to the physico-chemical characters, the lakes are divided into acidotro- 
phic and harmonic types. The lake waters of the former type contain large amounts 
of mineral acids, while those of the latter contain relatively few acids. 

The aquatic Hyphomycetes are more prevalent as well as better in quality in the 
harmonic lakes than the acidotrophic ones. Tvicladium gracile var. oxyphilum is 
distributed only in the acidotrophic lakes, but never in the harmonic ones. Lemon- 
niera aquatica and Anguillospora longissima seem to adapt to the acidotrophic lakes 
containing large amounts of mineral acids. On the other hand, Articulospora tetra- 
cladia, Lunulospora curvula, Tetrachaetum elegans and Triscelophorus monosporus are 
distributed only in the harmonic lakes. 

The experiments were carried out in the laboratory on the resistance of the 
aquatic Hyphomycetes against the acidotrophic water. Tricladium gracile, Lemon- 
niera aquatica and Anguillospora longissima have a high resistibility to the acido- 


trophic water. These results are in accordance with the observations by the writers 
in natural lakes. 


The writers wish to express their thanks to Prof. H. Indoh and Prof. H. Ito for 
their instructive guidance and advice. Also to Prof. T. Tatsuno, Drs. S. Ichimura 
and T. Matsumoto, the writers are indebted for much valuable advice during this work. 
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A Newly Found Terrestrial Alga From Japan, Fritschiella 


tuberosa lyengar* 


by Masaru AKIYAMA** and Hiroyuki HIROSE*** 


Received May 25, 1960 


The genus Fritschiella has been established by M. O. P. Iyengar‘) in 1932. The 
genus was based on a single species, F. tuberosa Iyengar which was found in India. 
Later in 1939 M. S. Randhawa‘) reported the present alga also from India. In 1941 
the dioecious, isogamous reproduction and the existence of an isomorphic alternation 
of generations of the present species were revealed by R. N. Singh’). Successively 
A. J. Brook (19531), 1956?)) reported that the present species grew in Sudan of 
Egypt and had many peculiarities as a terrestrial alga. In addition to the above 
authors, M. O. P. Iyengar (1950)°) and F. E. Fritsch (1950)*) explained morphology 
and ecology of that alga in their text-books. 

No report has been made of the present alga from Japan. As M. Akiyama, one 
of the present authors, has found recently the present alga from Shimane Prefecture, 
they wish to make a brief report on the present species from Japan with its habit, 
habitat, and its morphological characteristics that are described as follows. Before 
going further the authors wish to offer their thanks to Mr. S. Tanifuji of Hokkaido 
University who has sent them many of materials from Sapporo. 

Habit. The association of the present alga can be encountered as deep green, 
nappy spots of macroscopic size, usually 1-5 mm. in diameter and are often associated 
with another terrestrial members such as Oedocladium, Zygogonium or protonema of 
moss-plants, mostly growing on more or less hard, but humid muddy soils, most 
desirably on foot-paths between rice-fields. 

Diagnosis. Strata minute, 1-5mm. high, densely ramified (Fig. 1, A, E). 
Stratum consists of four systems, namely, rhizoidal system, prostrate system, primary 
projecting system and secondary projecting system (Fig. 1, A, Fig. 2, B). 

Rhizoidal system (Fig. 2, E, F) consists of uniseriate rhizoids that are issued 
from ends of prostrate system, sometimes branched, and cells are 3 to 6 broad 
and 40 to 60% long and a rhizoid mostly consists of 3 to 5 cells. Cell-size is more 
or less smaller than that of the type species described by Iyengar. 

Prostrate system (Fig. 1, D, Fig. 2, A) consists of rosary-like filaments of 5~6 
or more clusters of cells. Each cluster consists of 2~4 cells. Diagonal or perpen- 
dicular divisions of each cell of a prostrate filament lead to a cluster (Fig. 2, A). A 
cluster is 15% to 25% in diameter. Every cell is filled with chloroplasts. Number of 
the chloroplasts, their shape, and the existence of pyrenoids are not clear. 

Primary projecting system (Fig. 1, B, Fig. 2, B, C) consists of uniseriate filaments 
which are branched mostly alternately and sometimes unilaterally. The component 
cells of the filament are almost as long as broad, 7 to 12m broad and 5yz to 12y 
long, and each one is filled with a parietal laminate chloroplast which contains 
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Fig. 1. A. whole view of strata = 100. B. secondary and primary projecting 
system x 430. C. secondary projecting system x 330. D. prostrate system 
x 400. E. whole view of a stratum x 100. b. prostrate system. c. primary 


projecting system. d. secondary projecting system. 


mostly 3 or 4 pyrenoids and in some cases single pyrenoid. 

Secondary projecting system (Fig. 1, C, Fig. 2, B, C, D) is an uniseriate branch 
that is issued from the primary projecting system and consists of an uniseriate series 
of cylindrical cells which are always much longer than broad and 6 to 10 broad 
and 8 to 30 long and containing a parietal laminate chloroplast on which 1-6, 
mostly 4-5 pyrenoids are present. Terminals of branches are either round (Fig. 2, 
D) or acutely conical (Fig. 2, C). 

Growth pattern. It was found, by means of culture experiments, that the 
trend to form clusters within a prostrate portion appears under the dry condition, 
but on the contrary the occurrence of projecting filament is dominant in moist 
environment. ‘These two trends are understood to be strongly related to the grade 
of moisture of the habitat. These trends were also actually observed on natural 
population of each different habitat. 

Habitat. The present alga was found for the first time at Hokki, Tsuda and 
Shimodekisu of Matsue city of Shimane Prefecture. Later it was found that this 
alga grew not only in those territory along the coast line of San’in, between Tottori 
city and Masuda city, but also in the campus of Hokkaido University in Sapporo 
city of Hokkaido. The alga seems probably to be widely distributed in Japan. 
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Fig. 2. A. a portion of prostrate system x 750. B. primary and secondary projecting 
system; cell-contents of only three cells of secondary projecting system are drawn, showing 
a laminate chloroplast with several pyrenoids x 750. C. upper portion of a stratum, 
showing a filament of primary projecting system and three filaments of secondary projecting 
system x 750. D. secondary projecting system whose terminal cells are rounded x 750. 
E. septate rhizoid 750. F. non-septate rhizoid x 750. a. rhizoid. b. prostrate 
system. c. primary projecting system. d. secondary projecting system 
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as (Fig. 8), fil Hele & He 
LTZOAMLI® 4 BO mM 
ABIk ZENE 5. COBLE 
Ck. PRO AABI HK 
SRE SLE S MDH DES 
HS. COeHUE Lt AR 
(LIEAC GT SY $A HR (ground 
meristem) G>T, Mili 
ORBLE MT SCLC 
B. whic Be Karte Lk < He 
EA MRL, PROP UOE 
HRT SLO, PHB 
#¢¢) (procambial core) 
tm cc kictA. Figs. 8, 
9 ICRANKACIL, HH 
O MAIS Ye PEC sy Tid 
FLED 2K ARF) A AARRIT ES 
SlWInHeS, BRITKWT 
LEEW SUS LURE 
MTU. CORSO chiih 
HELIS HEAR} 2 HARK & ATT 
BU & OHARA He ARB & aR 
LES. = Orbit 
Hanstein (1870)5) ® “}K 
HULME” ChS27s, KOR 
ARO BEN, Bene 
7oMeRS ik Foster (1939)16) 
DORMS TWSECA 
Ch), © OFBEIcHho 


C, prodesmogen’), 


promeristem’®) 7eY 23 (fbi CVS. MB EVI 
HIicHBRe esc kL baRELRbHS. L 


procambial core‘), 
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Figs. 1-4. Embryos 5 days after flowering. Fig. 1. Octant-cell 
stage. Fig. 2. 16-cell stage of the spherical embryo. Figs. 3 and 
4. Transections through the equator and the bottom, respectively, 
of a spherical embryo, Figs. 5~7. Embryos 6 days after flower- 
ing. Fig. 5. The largest stage of the spherical embryo. Fig. 6. 
Ellipsoidal embryo. Fig. 7. Transection of a spherical embryo of 
the same stage as in Fig. 5. Fig. 8. 7-day embryo, showing the 
primary tissue differentiation and root initials. Fig. 9. 8-day 
embryo. is: stele initials. ic : cortex initials. iec : epidermis-root 
cap initials. Fig. 10. 11-day embryo. Figs. 11, 12. More detailed 
drawings of the apical region and the radicle end of the embryo 
shown in Fig. 10. Arrows indicate the stepwise addition of the 
root-cap layer. Figs. 1-7. x448. Fig. 8. x336. Figs. 9, 11 and 12. 
x 224. Fig. 10. x52. 


stele DL, LiIDPLOOMMOMBE oO XBSE 
Ole, PRATER cE SO AGH Y CHAD. 
FPO LAB RITILE bre < WAMOMD L 
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foMIDFidosvS (Fig. 8). CHIARA BA 
MCHC, ODITMHBO ME EMTS. 

THD & ABO IEA ARO MBLC ko, MOT 
I, HEDKEDOHBRE RR CUS MASE US 
WS. CHO BITFH EL GHATS MAH Cd 
4. 

COLSICUCHRHAAM OMCs, MHibts LU 
AMAA MRR IC hoe, RS, rHaATTE RUS, 
45 LOF EM FIG CEB ASX i Stu, SHH O pe 
45 LOB AN ERA MU SEE LS. Teds, 
MOU ER Maid, OdBITUAS EI, BI 
DUO BIC PNA TE BCID spe Pin D MDD» ALA 
+S. 

Se te: 3 

WRI BATE 5 AE CISL CH SOM, FHL, 
HED TCE 4 OMA L 72O, EO LEDC 
(LHED DERE KHMSED, FCOMADMITOA LD 
DMO LD 4bItHS. FZOKD LAMM Milt 
EMTAXBLicS (Fig. 8). COBO bic FeV 


eae, 


iD 
ttae HES 


Weta, 


Figs. 13-18. 
Fig. 13. 
embryo. 
Shoot apex of a 19-day embryo. 


11-day embryo. 


SS 
ES 
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Fig. 14. 
Fig. 16. Apical region of the embryo of Fig. 13. 
Fig. 18. Radicle tip of the embryo 
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JEM AIS. COMUAFIEO-<y b VA (buttress) 
ChS. FE2 CHO biimD 4 6 lt te CHAYES 
ROLE, FRB MOPED ESCHSCLER 
KT SDR, COMBO E DORE EDS Lit 
ABE CIS. EK —ARIT EHD CHD FAITH 
LC, F4ENOB 2BLL FO 1~2 Bichbons 
ADP TECABIL, GOBR BY b6iricvs. 
FIED Watin Clk 7 AGE Deel TC, Shick 
2 CI Avtin 7 4 FARR SHE SS. FEO HHL LES 
i, EOrPHICIL, TAs SAR & ith O RTT OS 
Le CES EE SHUR AHOS. Chits 
2 CHARM & FED HET RK AIL IL UD Ab —-+AKO.S O 
ELCHHTS. Chik, ODITMA SHERBET 
ko CHR CHS. FROMOMAICRU TCH, 
PEE ISI S LIU < ERDAS OK bh 
BH. ECICIMAWIC FTE HEB AWe AI < Y 
DATS 1 THOM alka MND bt. 
3. Sh tk 

PATER 8 ALMA, FRED (Feasts & AEC — 


Fig. 15. 20-day 
Pig, 17. 


14-day embryo. 


of Fig. 14.. Arrows indicate the stepwise addition of the root-cap 


layer. 


Figs. 13-15. x23. Figs. 16-18. x 224. 
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YRILOMMOGFORMABWI Lo CKSEEE 
L, RIC HPERIZ E> CMOS. RBC ILS 
FEVIAMAT SS (rib-meristem) PEHbNSD. H 
iy BITE DLS x (HE DO OROHUIMEEN & MESS. 
EOE D RM DO MAIDA OD HULME RAT AB & Ze 
HB. SHIM DHCASL, MAMNLHICPOR> 
2d: (Figs. 8, 9), DBITILBEH Ie Ze S(Fig. 18). 

RSG AMgts 8 CAE CHBLEWCHEED 
EEOCER CS (Figs. 8, 9). LOO E7AL 
CHT IA IC Md & 2s (Fig. 12). L2>L, IG 
BRE CCK BAA MMS BB LET VIER 2 C 
WS. 

AMA Mls, be Dik 4 Ml LO KMS 
2, AMICHACHBic bo CHK MMe ERS 
LjIChHSL, PR MIOMILS <7ed, METZ 
BV C6 MSE RD S6NS. COR MIORWO 
DLAI ETITHE DO, NAMIC MEME & DDO 
(Fig. 6). AWARE ABIL O KA MIC HET S 
REAMIMIOBFO’OM HC S (Fig. 8). HAM 
fatk, DE LIR6 < AWICHEBITOADAWL CHO 
RR DHS. CW CHOU A BORE 
Mie d2-O. FORGE, Mio Migs OH ont ey 
BIRCH S (Figs. 12, 18, 4A). 

SRO Ai TBARS CO LIC UCHR ITH < 
MR St, HOSEA, KBR Migs LOR 
AREAL MULE i & L CH ATR OR 
Meas (Figs. 9,12) Lal, oChb5 ta MR 
IV CHLROAR KUCH Mii Die <, SHRP 
PROPRIA ES SHG S vs. PRO AHO (HFS 
HOS <SORMGIX, MMO TPERICA DS. SiR 
D HARK & RHO Sr & OPT ILA B Ds7e Ria Zev» 
DS, SHA BMA K ie ko CHEE LKR, FRO 5 
DHA CHP STIR > CUS RED Zeid  _E GAN 
ECO SICM4ATS. CORAM -WMROR 
SOW 1/4 tC7e4H (Figs. 10, 13, 14, 15). 

4. 

EVA AMMO FEBLIEO Li (CF BE SBI Be 
MRE LTC, LOE ¥ OMA te MADRS Zeb 
CHUVSTICRSET LICL oOCLUES. HCO 
MIDAS 6 FER IED DANS. FRRIEMAE 
HILUDSL EOI MBC, PO ARBAEAD By A Be 
(BD) IT OSU EYE DDIAPTWIVAL VAF ABH 
dit, FRO (he LIRCORTANIT KIRA HS. 
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CDVFAVAFALOWRIC LC, FRORON 
HATE CAICKRE UCHR ROMO — FF 
DHHS (Fig. 9). CHIAKBELATCS 3B 
IRL ORERELO. CHOOMMLKOP TCE H 
SIMEL TeV MICH > T, & & OPER Mila 
DEEICRoKbOLAITOEMCES. Soue- 
ges (1934)!7) A FHEOMICHo CT, FCPS 
AUC < SMR epiphysis LA CUPFRM 
OMICS bOCHSL LK. SOBA, FRR 
JED CS, RAM R CVS MAHAN T 
HS. CHIERMMHAOMEOHWCLE, 
RE Eo Thr CLitwY CHALERESS 
NCHSLVA AH OHSLD*), RHEL FH 
SEF A OF Sy ET EB ik & SETA Rie THKIC, 
“epiphysis” & Aim) Aamo EER be & Wt rs 
tS. COCLITOVW CLE MTS. 

OD MANDREL E 7A A 7c IG & NS ODS, 
42/8 (tunica) O1 HltHiCReeNTW CT, OT 
LAWICBARADALAAirbhicl>. 1 RE 
OMS SRC C OF WMBMIIFROMO, te 18 
uw, SX 1100p HORSE AS, 4-5 BORSEK 
DL3MCHS (Figs. 11, 16). FH SIE HEM 
MCASL, COAWMMRIL, FBO Zhe Lic 
AuIc & > CHS BITE D> UI S tT sy SDS 
(Fig. 11), F#ICBACMMCHS&, BMeics 
<HEALZAKORI Lo CtHneewmen ws 
(Fig. 16). CORMISBALe CI DSTICRSNie 
MIO ODDO CHS. 1 RROC MANE 
SL, COREG > CH 1 PHM L UCHR 
FA OM FTE RUE Db RIBWIC METS. 

BLRURMAEOMAL2ZAOR GBR) Dias 
ELAIHES. PLHONy b VADMMHRLTCK S 
BT, COMRAMOR 2B XIE 3 BO MMICA 
UTR ABLAbNiV. aricive Tit, H2 
FELMRIC OV Tht MIT MF IIA CE 5 CHS LS 
iC, HOFKALOIMRL, BEMBORS TOM 2~ 
3 Ait okRAWEReABic ko CHA Ch 
Q. LCA 1 ROKGRICRLCLEO L 5 eh 
Te BS 6 tics (Figs. 16,17). KEL, 2 
FSC Jad aA AT 7c DASARI O Clie <, LIE LIT 
HS. LeeLeniscs 1 URICMARLESO LI 
Mdiisv.h OCHS. 

1 SRA 11~20 OMCs CH ~ ici 
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TOR, KOKZBORE 
DERI do Thy b 
VADARREIT HS (Figs. 
15,17). EREMZC 
isu Ch, SIAL ER 
BA 7c RES & Aas S 7 
WC, VrdolERTERIT & 
LEDS. MIRO 
RO OFC, WO pe 
ats KORO MIDS 
COL<BMITHUS. & 
Dia 2AOB 1 BEIEGK 
RE LCV S AE, 
KEP HRO Midab, 
BOARS TBIZBV 
ChW SpA NS 
Role S (Fig. 17). 


5. ete 
FRE UDE LATO CL 


S) (LUD HRA RS 
& UCHbtNS (Figs. 8, 
19). Ri—SRORS 
Bi 300n (CHETSL, 
FPR BUTE Dg O _EEBB 
Zhe Lee (Fit) DS 
JHC, AMBORMBE 
pe & ve 4 (Fig. 20a). 

CORRGITIL, fhit— 
be7c Plc S. Hpi 
MRO PALES CL HUOT 
ZER EDS b Te Ce 
Tk R OAK Ch S 
(Fig. 20b). Fig 20a 4 
b ti%nCh Fig. 10a 
& ICMAT SMH Ca 
4. MOAR 10 AS 
APrbRAAT SAS, With 
DUBRNLA MD & FR SP AE 
RITA ICS. Ma 
KE (HES h I] U Cad. 

COMRO HE CHIT 
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RGhececasts 

FAD T:> ot 

SAE [7 REE 

A ORE) 

COVerzanranven LL ERECT 
ix beeen ae I) 
ere Se equulnacs 

19 PREC REAO 


T 
ey PRCAMBIUM 
3 PROTOPHLOEM 
8 PROTOXYLEM 
#22 APICAL MERISTEM g 


Fig. 19. Transection of a 7-day embryo, showing the procambial 
core. Fig. 20a, b. Transections of a 11-dry embryo, corresponding 
to the levels a and b in Fig. 10, showing the procambial cylinder 
and the procambial core respectively. Fig. 2la-c. Transections of 
a 14-day embryo, cut at the levels e-g in Fig. 22, showing different 
positions of the protoxylem and protophloem poles according to dif- 
ferent levels along the hypocotyl-radicle axis. Fig. 22. Longitudi- 
nal section of a 14-day embryo. Fig. 23a-g. Transections of a 14- 
day embryo, corresponding to the levels a-g in Fig. 22, showing the 
vascular transition between the cotyledons and the root. Figs. 19- 
Ie GL CAEP Zee 25; BIO cou a, 


BOP ICR AAA E CREAM LC DIRESNS. MOMRICLoC, IRMA Dd 6 AICHE 
PR ODA Clk 4 BOREAL 2GOREKG bS (Fig. 21a). REKMLFREMSHAN CHP 
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BIO MPI ICATS. AM MBILLO 4 OM f4 
ZED S. BERD O MIs, FUP CO MBA 
(EOP Cit, BROW BLE TS, thiclo 
CHC MW SHS. GED MO Milas, Ai LD 
ROR FEE IE DSA RIC BBA OAR NL ER 
HABIC L > CATE MIO 1h Aa kD SIPEDY 
SVCLECADIH HS. Hie D ric Lo CH 
Bitte YUE, AR ME 21 F ORV ICR L, 
LHF (Fig. 21b, c). SNUB CAAT O 
PAWS AEA © SANDS BR ICE BIR A & 78 Ls 
MpHe CISA IZ SITS LO DK BARMBD ld 
ZcipRMoNS. Fig. 2la, b,c ktHEh Fig. 
23e, f, g ICM UCAOCHS. Fig. 23 (civ, 
MOTE LAICKESE, ShiRicisv Ca A— Lee 
2 COMM RIL LIC Do Clhbah Th OFE 
MASTS CEMMEHS. CLTHRMITH > T 
LAAN DT S MICHIE Le 2 OD RAMA, FEO 
HIZA 2 CA DIA AICHE LC, FRE2EH Ld 
Td LH CRICA—-TS (Fig. 23d, c, b, a). CO 
ARE CATE BOUT, RRS ETHIC MISTS L 
CWI HEE RES. COLIICL 
C, PEW 2b HAOKME RM Omit, MI 
MORE, MS —ih—FIHEO MPR ADH CFT Te 
bid. Figs. 22, 23 (414 HOMAbDOWR eA 
LEE DC, MARAOAM & fiBPILAA TC db S 
Ds, PFT PO ILANS Zo He HILIRE St CVS. 


fAlz 


SiG LO ne ie tC 


ft aa 

1. FEARS SY ALAR 

WRIT F5tF- BH eM AAR IME, § ZEMA L Te FEAR AL 
MOMMMIHdbhr STE IEOT, HEDEE 
OVER & Ro to M DSR BANS LE CHS. 
Meyer (1958)!%) (jk) ~TOMCEOL 5 te Mat 
te HEAL) BY HAR (residual meristem) & IF A7. 
CORBCIE Kaplan (1937)) PeOAR AICI 
CT, BEDDA MAME Ro TUS ES WES 
MIKE FIT S MI FAV #4 M (Restmeristem) 
dS. WRALAROMEIC IS TONE (BAILED 
PBL Rie SD»bMtriev.. Ld~» LIMIT Sik 
DAR AMEO IL, LLOEEO, VHS 
(embryonal) 7p MaDe PRL & C5 te FICHE TC 
{CL CELHEOCHSEMb, THO MaRIC 
L CHA AKL SPORE HA CLI, BA 
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ICA Cd OGM CELHS. Tied b, PRATER 
BB, BLOF-E-HHRBIENENOMAICKS 
HERAT BMC HS. SMEOILENENO MR 
ASMEL CHS DS BAITS (epiphysis) 75 


FINED ¥ ERS. CHAAICBITSRROKRRD 
él CB. 
2. 


Tz2OMCS, ADAKOVAUAC Te AAC Lo 
COMBA ICED ture MND. “EE” £7 B. WR 
CORBA EEMOPIC, CK —BOABO Aa 
PAULAICAAT SORRY TC, MBM ei b 
ChE FT AWICHAICHATS. & CAR Phlox) 
> Pisum’) CRORE Is, PMMPlc it ATs 
DBE bie. PICFEPLAORRICRLCE 
PRES. THKONS OM CIRKOKUELT 
IFSL OWE. Reeve’) tk, RBOKRO 
22S Matt MAC RK (protoderm) H Rij A Ca > 
C, RMRKRILE mL RICh 7 CAUWFAAREL 
2 CTRIZTFSb4DLEEATWS. AITOMBROH 
CS Onagrad HORMHE TSR CEBES CR 
ROM IATLAUChStBdbNnS. COLO 
FE 4: OWE CS IRR (Dermatogen) Zac S rT 
WS!) LiaLoneaeEUCEO ¥ ERKAKRT 
Br¥ dF dITOV CT HMERNIZ IL Lb ABH TU 
VL. ROR WZICLB AON MHSLEZSHNS. 
3. Sh 

SRO DAM RMILME KOA ICRU RHIC, F 
HOMRBLAC CA, Mens. FELTHE 
KE, RRs LORNA O 3 tA MH, £0 
HAO CHD>6 WIC RM SNS. Cirb tale hl 
HD 5 BYAE HZ DUT, Clowes?,22,28) jx, Vr) 
Sram, BEAL SSWILS< ARLE 
Miki (quiescent center) #7 LTWSEVW OT 
WS. La Lect) ik Sinapis ORCI T, 
Bitig OD MMAMIL TS CHE CH oC, HbR BIT 
OFFIC dDNCCSCLERLK. £R LER 
CISIFS MIEMO FEET OV TECHN KH SH 
)b, ERAET SHH) bHS. A> Cth 
OUTIL EMF S ACUTE, KO“pele gs 
Vy Cit Sinapis OL U < Mlk CIRC 
bed. 

4 opie eS 
Pisum’) +P Pseudotsuga®) Cis 2 HOw 


= (S 
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HOWRKOLE<, RBMMORULHABIL 
2TILUSHOHSM, S23 CIEOL IMS AT 
IMRD ci, SVFBLE ERT SC & Pied L 
Vs. Jy Spurr) (LF HEL MBE L & AT SR LM 
Meet UCMRTS. Shit, FH He’ cS 
bY), SROB—-RYeREO-OLHE BRITS 
HEA CHS, Ev 5 AfRiCHES<. Aw ItwVYT 
%, ARO _binth eich BV SAL Reel, FHL 
FIRB &, WCB dotr tek HO VA 7) 2d ARR & 
Atst HAMA CHS. Lieto TCHAIKO kiz 
AURA SHSEOCL eK CC, RMIT “SRB” TH 
BGR boC, FhATA XIU C—-EORBE 
ROLIICHETS, CMMMSHS. LkeMoet, 
epiphysis (Souéges, 1934)!7) (+ Jy SU 4H ke O— 
Fee Bebe & Svc StS. Epiphysis (tM Mlo At 
MOBiarbAMIE, AAO IA, MICKHSZREO 
EAT) FARR Ch D. 

COECORHL, SREBOP—-MChH TC, 
FEO MILE OSb7eVSTAIT SV Cie bhS. 
ROBRBEC, FEATHER S HiCSEAN OMRA re 
DNS, 22> CHATBMORMICIL CO FEISSENM 
Shisvy CG, BHBMA LC co CUD CHEST 
MGeanTLoltrs. COLAKZOM 2 Bec 
1 ABMS HS. 

3218 & RHO ATR tL OME R Alc k OIC 
DV» Tlt Juglans®), Phlow>) t¢ & OW CER SH 
TWBR, CORMRMORMORBILE < Aon TIE 
Witts, 22 CHRSNKLEAT, Amn wi 
PRD FEA E- ZEAE Ute ABABIT E > CBE S Pte 
LjMCRZKLY, FELEBARMAIR Ci, 
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FART) LARD 2ARORIT L > CHR ORT BES & 
HEM SITS. BLOW ML Ic, TORIMIK 
TRAY IC RTE REL, Sih & TE) RL OME 
Ric LSMMAVES NS. 

5. RHUCYRE 

PRHNT F313 SUL ETE RO BE Te IL, AERO 
4745 (transition region) OptvlcHs. Sze 
25UYC, SL MMB L DESH Cl 5 OCHS 
Ds, CORAMRMO LAMAN, LOCRORD 
ORSICRE SNS. Tied db rpili Ai DIS DHE 
RET SBS, BUSTTAIT FL hr SR AE ARB & JG AE BES 
DOMES SAHEIK, MIT Ist 4 EHD VN iz 
INE TE EDTWS. HDD Pin, SRO ABA 
LRT SVAN Cs 2 HO PCH HER ROB bi 
BPR, LACHES Lictic TAM & HIM ORE DS 
BH UTC, WEEMS Cid 2 AUREL 4 HME eS 
Cm KOMP RIER ASS. BICFHEOH Het 
& > PIT BATS, TL AU ACB Be hae MEE HR 
DHS. COLITCHERMOBEAS, Hare 
RET SMH CHrbhSeeEBOICl, FOX Zell 
RICBYE LIKI, ZOSMEDIL UE 0 abi 
DVAVIRUCRESH CWA HIER BS ev». 
FHL SRI AMERe LOO, heh, EMO 
HE EA Cd S WHER RL, BORE CH SHE 
KRLECRTS. chic LUMwitms#oHicdo 
TC, bait CUE FESENS Cab 0, Pig CSU EAR DE 
BUTI HES RA RRS. Shik, bP itiMids 
5D, MRSS Per BU CHKA LAT, 
CORBAMRRARESHS, EVAMRE SITS. 
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Summary 


1) Late embryogeny and histogenesis in Sesamum indicum L. were described. 

2) The protoderm of the embryo is established early by the periclinal division of the 
cells of the 8-celled embryo-globe: the cells of the surface layer produced by this division 
are divided only anticlinally thereafter, except for a few cells participating in the root-cap 
formation. 

3) The tissue differentiation in the embryo starts with the appearance of cells with 
decreased stainability. The first such cells appear in the outer ground meristem, which 
makes the embryonic cortex, then follows the appearance of such cells in the inner ground 
meristem, which makes the pith in the hypocotyl. In consequence of the appearance of 
these less-staining regions, tissues whose cells are dark-staining and appear unaltered are 
blocked out as a procambial core and a presumptive region of cotyledons and plumule. 
The procambial core differentiates into the embryonic stele. 

4) The presumptive region of cotyledons and plumule is regarded as an incipient, 
juvenile shoot apex. The shoot apex develops from the juvenile to the advanced structure 
through embryogeny. Even in the full-grown embryo, however, the apical meristem remains 
incompletely developed. No periclinal division occurs in the 2nd or 3rd cell layer at the 
leaf position prior to the formation of the first foliage leaves. This makes a contrast with 
the initiation of later leaves, which is preceded by periclinal divisions in the 2nd and 3rd 
layers. The apical meristem is connected with the procambium of the hypocotyl by two 
meristematic strands at opposite sides of the procambial cylinder in the intercotyledonary 
plane before the first leaf primordia are initiated. 

5) The apical meristem of the radicle is organized at about the same stage with the 
cotyledons, earlier than the formation of the plumule. Initials of the root cortex and those 
of the epidermis and root-cap are distinguished from other cells, from the time of their 
very origin. The undermost cells of the procambial core, which are contiguous with the 
cortex initials, function as the initials of the root stele. 

6) The embryonic stele is differentiated as a structure having the transitional pattern 
of vascular system between the cotyledons and the root: its fundamental tissue pattern is 
already determined when the first protoxylem and protophloem poles appear. 
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Short Communication 


Atsushi TAkimMoTo*, Yoshio TASHIMA** and Shun-ichiro IMAMURA* : 


Effect of Temperature on Flower Initiation of Pharbitis 
Nil Cultured in Vitro 


HAR - HERB. SHR RR: 7H Aa OFF RICH LIETREORS 


Received June 27, 1960 


_ Tashima and Imamura reported previously that Pharbitis Nil cultured aseptically 
on a medium containing sucrose initiated flower primordia in total darkness. They 
came to the conclusion that the essential process leading to the formation of the 
flowering stimulus proceeded in the absence of light'). In their experiment, however, 
flower initiation occurred at relatively low temperatures of 10-15° but not at 25-29°, 
This was attributed to the fact that the plants were exhausted, especially severely 
at high temperature, by etiolation, but-no further attention was paid to the influence 
of temperature on flower initiation. 

Seeds of Pharbitis Nil, strain Violet, sterilized with calcium hypochlorite, were 
sown in 18mm. diameter test tubes on modified White’s medium containing 5% 
sucrose and 0.75% agar. They were then subjected to three light conditions at 10°, 
1) continuous light of ca. 3000 lux from fluorescent lamps, 2) short day consisting of 
an 8-hour period of light from fluorescent lamps and a 16-hour dark period, and 3) 
complete darkness. Three months after the start of the experiment, all dissected 
plants have produced not cnly axillary flower buds but also terminal flower buds, 
indicating that they had received strong flowering induction irrespective of the light 
condition to which the plants were exposed. In the comparable experiment at 20°, 
no plants under continuous illumination but all under short day condition initiated 
flower primordia. Plants cultured in total darkness at 20° were extremely etiolated, 
and flower buds were observed only on 15% of them. 

Under continuous illumination the difference in flowering response due to different 
temperature is very obvious. At low temperature the plants seem to be insensitive 
to the inhibiting effect of light, which at high temperature suppresses flowering 
entirely. 

Apart from temperature, sugar added to the culture medium seems to have a 
pronounced effect, as our preliminary experiment indicates. Whether the strong 
elongation of hypocotyl caused by etiolation, which is more striking at high tempera- 
ture, has some influence on the flowering response or not, remains also to be investi- 
gated. 


Reference 


1) Tashima, Y., and Imamura, S., Proc. Japan Acad., 29: 581 (1953). 


* Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto, Japan. 
REAL BF IG AF S ; 
** Laboratory of Forestry, Department of Agriculture, Kagoshima University, Kagoshima, 


Japan. BM BAZBFMALAS 


378 


A 
ft wp EF 
(35 421 AL) 7 AKA EC) 
Clas|-B-2-11) 
fee me FLMRTAL\ ARS TB AEX (mE SF 
DEFER 


eye He FLEE ALA OT tb Kee 
(# dt & Bp) 
KERN SF Mahia HALA )INA HE 
cape 3E5E LLB MHHAMY 1760 
AFA % BRAM 8 MRALSCED 
ai $m HbA 
pr oh AAT MART TAA 93217 
(RA 3 XX BD) 
HU BS RRMILS MRA LRAAP ITO 
Af Rt RRAAABMD 
guar XL Se PETTBRHT 4-97-4 
a TA MRR LAH 2-814 
respi % RRA AI BOIAT 1864 
BYUKRA2TH BARK AR 
pips 
EPILILZSRABH ABAK 
KH 3-1-2879 HERG 
6 a ealiy 4-41 
RARE 
RUT AS IES Pane Thi FG 
He 
URE AB EH Hey ea eee 
RFALMAHE RM MARR 
BR Hy 2799 Fe BRETT 
Mc KBAD 
Pe UAVR BAT «= BELL RES AAT 
+ FREI /\ A ribet 7 -1630 Vv7 ER 
Lie 
GK PMY 2-3686 
Ft THAFEALMT «= ORES AES 
Jileprtieee 5091 
lAl_fe 


1 2k 
BER HER 
an) 


Bot. Mag. Tokyo 


Vol. 73 


# 


BR CT St BR) ArAAKFED 
(db EBB) 

PFS] NR TARAT 36 
(FR AB X& BB) 


au 


Het t— 


mW" AN 
fA JER 


mk AF 
he aie 
+H BBB 
SBS APTN 


GE me X 


MAO 
PEXDIEARB 
Si RE 
He BK 


Ak RM WIS ARTA 
ty 

ITA ey PRM AT 

4.7% Ble MAB A EE 
10 © 304+ SARTRE CAT 
FAS 

A — Ee RAT 2-20 

LULU Fe ETAT N55 255 
RIA tina 180 

SBnAh Bae 

EAU SA i sPaAT 3-73 


BB) : 


meh iA EAA 34- 
mA 

RKRBED : 
PUM Litit Be 400 Rare eR 


(HE - EAS) 


HAR FRA 
Anse — 
mie © 8 


AL, 
Rat fa 


Pa LL (Ar RY) SEMA 1139 

IB es K BEHE 

AURA THE AT BERTIE aK 
Bs 

BRACS ERB RT Vas RA eR 
i AUTH RS IRAF 25-5 


(A sil 3S BB) 
4H RVC URE RR EBDIAAKET RG RCS 
rp 
AR ERT A ABET AR 767 
A TUK Rake 
FAS SS ARYA AR ka HAIR 
FRE HMR AARKAR > EH) 
(Sb EB) 
AN FR NIB SERA ICRAM 


Bot. Mag. Tokyo, 73: 379—388 (October 25, 1960) 


Histochemical Studies on Embryogenesis of 


Pinus thunbergii Parl. 


by Akio TAKAo* 


Received March 30, 1960 


In gymnosperms although there have been many studies on female gametogenesis 
and proembryo formation, the study on later stage of embryogenesis, especially the 
stage after the suspensor has elongated into the middle part of prothallium, is 
seldom. Spurr') describes in detail on this stage of embryogenesis in Pinus strobus. 
In the present paper, the writer wishes to report the mode of embryo formation in 
Pinus thunbergit. 

Hitherto the majority of investigations of embryogenesis in both angiosperms 
and gymnosperms were concerned mainly on the morphological point of view. The 
writer studied the embryogenesis by the histochemical methods and has found some 
interesting facts on the appearance and the disappearance of proteins and polysac- 
charides in the embryo as well as in the prothallial tissue surrounding embryo during 
the development of embryo. The result reveals the localization of these substances 
in the different stages of embryo. 


Material and Methods 


The cones of Pinus thunbergii pollinated in the previous year were collected 
from the field of the Faculty of Science, Nagoya University, during the period from 
the end of June to the end of October in 1956 to 1958. 

The ovules were taken out of the cones, and only the prothallia were dissected 
out by removing the integuments from ovules. The prothallia were fixed by the 
following fixatives: Telyesniczky’s, Bouin’s, ethanol-HgCl, (50% ethanol 100m/., 
glacial acetic acid 10m/. and mercuric chloride 8g.), 10% formalin, and ethanol- 
formalin (absolute ethanol 90 m/., formalin 10 m/., glacial acetic acid several drops). 
The fixed prothallia were imbedded in paraffin by customary methods. Sections 
were cut at 104 thick. For staining, Heidenhain’s iron-hematoxylin, toluidine blue, 
methyl green-pyronin, ninhydrine-Schiff reaction’), arginine reaction*), Millon’s reac- 
tion‘), Lillie’s polysaccharide reaction®) and iodine-potassium iodide (I.-KI) solution 
were employed. 


Results 


(A) Mode of embryo formation. 

The course of embryogenesis of Pinus thunbergii can be divided approximately 
into following six stages: 

(1) Proembryo. The nucleus of a fertilized egg gives rise to four free nuclei 
by two successive mitoses at the center of the egg cell (Fig. 1). They migrate 
toward the bottom of the egg cell, but no wall is laid there (Fig. 2). Then this four- 
nucleated proembryo is divided anticlinally by newly formed walls. Further, a 16- 
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celled proembryo is formed by successive divisions. This 16-celled proembryo : 
composed of four-tiers, each tier comprising four cells (Fig. 3). There is no wa 
between the cytoplasm of the egg cell and the most proximal tier of the proembryo. 
Of these four-tiers, the most distal tier has been called the embryo tier, the next 
one the suspensor tier, and the third the rosette tier. 

(2) Elongation of suspensor. The embryo tier is pushed out toward the center 
of prothallium by elongation of the suspensor tier (Fig. 4). As the suspensor 
elongates, the prothallial cells lying in front of it are broken down to make a cavity 
into which the suspensor penetrates. When the suspensor reaches its full length, 
the four cells of embryo tier at the top of suspensor give rise to the embryo initial. 

In Pinaceae, polyembryony has been well known to occur not as an unusual 
phenomenon. In Pinus thunbergii, an ovule has two, three or sometimes more egg 
cells, and from each egg cell one set of the suspensor grows out, hence, an ovule 
has two or more sets of suspensors. Usually, one embryo initial is formed at the 
top of one set of the suspensor. Only one embryo, however, develops completely 
and the other embryos usually degenerate in an early stage of embryogenesis. 

(3) Early stage of embryo formation. When the cavity has extended to about 
three quarters of the whole length of prothallium, the embryo initial continues 
vigorous cell divisions in this cavity. Thus, an embryo which is uniformly composed 
of rectangular cells is formed (Fig. 5). 

(4) Differentiation into two portions; the basal and the distal portions. The 
. distinction of two parts becomes recognizable in the embryo by appearance of a layer 
of flat cells between the above-mentioned rectangular cells and the suspensor cells 
(Fig. 6). In this paper, the region consisting of rectangular cells is called the ‘distal 
portion’ and that composed of flat cells the ‘basal portion’ for convenience. 

In the suspensor the cells close to the embryo also divide frequently to give rise 
to the secondary suspensor containing somewhat round cells. Then the basal portion 
of embryo continues cell divisions, making about ten layers of cells (Fig. 7). 

(5) Differentiation in the basal portion. The cells of basal portion continue to 
divide transversely producing flat cells. Flat cells in the periphery of this region 
are arranged obliquely. Thus the basal portion not only elongates toward the basal 
end but also differentiates into two parts, the central and the peripheral parts (Fig. 
8). After this stage further morphological differentiation is scarcely seen in the 
basal portion (cf. Figs. 8, 9, 10 and 11). 

(6) Differentiation in the distal portion. When the differentiation in the basal 
portion is occurring simultaneously the distal portion is pushed out toward the distal 
end of the prothallium and assumes a conical form resulting from vigorous cell di- 
visions in the central regions of it (Fig. 8). 

After the basal portion has ceased to differentiate, at the margin of the conical 
region four or five shoulder-like protrusions (cotyledon initials) emerge and elongate 
beyond the top level of the cone (shoot apex) (Fig. 10). Simultaneously the basal 
part of the cone conspicuously elongates with vigorous cell divisions. The growth of 
these portions results from the differentiation of the distal portion into three parts; 
i.e., the cotyledons, the conspicuously elongating axis (hypocotyl), and the cone-like 
shoot apex which remains in the original form. As a result of further elongation 
of the cotyledons and the hypocotyl, not only the basal portion is driven toward the 
basal end of the prothallium but also the distal portion attains to the distal end of 


the embryo cavity (Fig. 11). In the hypocotyl the differentiation into cortex, pro- 
cambium and pith is performed. 
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(B) Staining of proteins 


The cytoplasm surrounding four free nuclei of the proembryo is stained homo- 
geneously with Heidenhain’s iron-hematoxylin or with various staining reactions for 
proteins (Fig. 1). After migrating toward the egg bottom, the cytoplasm surrounding 
nuclei is still stained intensely with iron-hematoxylin or with protein-staining reactions, 
while the bulk of the egg cytoplasm is stained only faintly. In spite of absence of 
boundary wall between the egg cell and the four-nucleated proembryo, the cytoplasm 
shows different stainability between them (Fig. 2). With the formation of the 
eight-celled proembryo, the stainability of cytoplasm in the proembryo becomes weaker 
(Fig. 3). 

The cells of prothallium from central cell stage to proembryo stage are highly 
vacuolated, and the cytoplasm of them is faintly stained with iron-hematoxylin or 
with protein-staining reactions. These cells may contain only small quantity of 
substances. 

Shortly before the suspensor begins to elongate, the prothallial cells near the 
proembryo become rich in relatively dense cytoplasm (Fig. 2). With the elongation 
of suspensor, the stainability of this region becomes rapidly intenser (Fig. 4), and 
reaches the maximum state up to the time when the suspensor has elongated to half 
of its full length. Then the stainability decreases and finally disappears just after 
the embryo initial has been formed (Fig. 12). 

On the other hand, small quantities of granules appear in the cells of the 
peripheral region of prothallium at the beginning of the elongation of suspensor. 
These granules are stained in red by ninhydrine-Schiff staining for proteins (in gener- 
al), in orange red by arginine reaction or in black by iron-hematoxylin. With 
development of the embryo, these granules gradually increase their amounts and 
this tendency extends from the basal part of prothallium to the distal and also from 
the peripheral part to the central (Figs. 12, 13 and 14). The amount and stainability 
of them reach the maximum after the cotyledons have elongated (Fig. 15). In this 
stage, all the cells of prothallium are full of numerous protein granules (Fig. 16). 
This condition continues till the maturation of seed. 

In the embryo, the nuclei are strongly stained and the cytoplasm is somewhat 
weakly stained during the whole course of embryogenesis. When the cotyledons 
begin to differentiate, small protein granules appear in the cells of cotyledons and 
in the cells behind the shoot apex. With the elongation of cotyledon these granules 
increase their amounts and become visible in all the cells of embryo. 


(C) Staining of polysaccharides. 

Before the proembryo stage, there is no granule containing polysaccharides in 
the cytoplasm of prothallial cells neighboring the bottom of the egg cell (Fig. 17). 
Granules come into sight in the prothallial part where the suspensor is to elongate 
(Fig. 18). These granules are considered to be starch grains, for they are positive 
to I,-KI test and are stained in red with Lillie’s polysaccharide staining. Concur- 
rently with elongation of the suspensor, not only the quantity of starch grains per cell 
increases but also starch grains become to be contained in an increasing numer of cells 
(Fig. 19). ‘his increase of starch continues up to the time when the embryo begins 
to differentiate into two portions. In this stage the grains come about in the cells 
at the distal end of prothallium, and their quantity attains to the maximum state 
(Fig. 20). The tissue where very many starch grains are present looks so uniformly 
red (with Lillie’s staining) or black (with I,-KI) that each grain is not distinguisha- 
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ble. Thereafter, the more the prothallial cells containing many starch grains are broken 
down, the larger the embryo cavity expands longitudinally and radially (Figs. 21 and 
92). However, in the layers of cells surrounding the cavity small quantities of 
remaining starch grains and amorphous polysaccharides are seen up to the time when 
the cotyledons begin to elongate (Fig. 21), and thereafter disappear (Fig. 22). 

In the cells of the basal part of prothallium a small number of small starch 
grains appear after the embryo initial begins to develop. With development of the 
embryo these areas containing starch grains extend from the basal portion of pro- 
thallium to the distal, though starch grains in each cell scarcely increase in their 
amounts. This condition is kept up to the stage of differentiation of cotyledons. 
Thereafter, in the cytoplasm of all the prothallial cells, an amorphous pale red 
stain with Lillie’s staining is seen besides starch grains, hence in the stage after 
the differentiation of cotyledons the prothallial cells contain amorphous polysaccharides 
as well as small starch grains. 

In the proembryo, a small quantity of amorphous polysaccharides but no starch 
grain exists in the cytoplasm and the nuclei. In suspensor cells, somewhat intense 
stains of polysaccharides but not of starch grains are observed. In the cells of embryo, 
starch grains begin to appear from the time of differentiation into two portions. At 
first small quantities of starch grains appear in the cells of the basal portion of 
embryo and increases with the development of embryo. With further differentiation 
of the basal portion, the grains increase in their amounts and become to be distributed 
in the central part and the periphery (Fig. 21). At last many starch grains as well 
as much of amorphous polysaccharides are seen throughout the basal portion of embryo 
but not in the distal portion (Fig. 22). 


(D) Nucleic acid staining. 

In the four-nucleated stage of proembryo, the cytoplasm surrounding the free 
nuclei is stained in pale purplish blue with toluidine blue or in faint pink with 
methyl green-pyronin. After the nuclei have migrated to the bottom of the egg 
cell, the cytoplasm is strongly stained with above-mentioned dyes. 

In the cells of embryo the nuclei are stained in blue with toluidine blue or 
bluish purple with methyl green-pyronin, and the cytoplasm is in reddish purple with 
toluidine blue or pink with methyl green-pyronin. But any change in the stainability 
with these dyes is not seen during all the stages of embryogenesis. 

In the cells of prothallium, the nuclei are well stained with above-mentioned 
dyes throughout all stages. On the other hand, the cytoplasm is only faintly stained 
with these dyes in the stages before the elongation of suspensor, but with appearance 
of protein granules and starch grains in the prothallial cells these stainabilities become 
detectable and are held out throughout stages after the suspensor has elongated. 


Discussion 


In a proembryo, it is a prominent phenomenon that cytoplasm surrounding the 
nuclei intensely stained with various protein-staining reactions and with Heidenhain’s 
iron-hematoxylin. The stainability of this cytoplasmic area reaches the maximum 
in four-nucleated stage and disappears in eight-celled stage. Shimamura®) already 
confirmed that the strong basophilic stainability of this area results from the presence 
of RNA. It is probable from these facts that the substances in these area are 
mainly proteins and RNA, and are utilized for proembryo formation. 
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In prothallium of Pinus thunbergii the cells surrounding the cavity in which 
embryo develops contain numerous starch grains as well as abundant protein granules. 
Straus et al.’) elucidated in maize endosperm cultured in vitro that starch was a 
considerably good carbon source next to sucrose, fructose, glucose and maltose, and 
in higher concentrations (4 or 8%) starch stimulates the growth. Also in isolated 
endosperm of papaw, starch was found to be useful as a carbon source for growth 
(Lampton®)). Furthermore, Straus®) observed in morphological studies on maize 
endosperm that the starch-accumulating cells are gradually broken down and absorbed 
by younger and more active cells. These investigations suggest that the starch is 
useful also 7m vivo for the growth of tissue. Straus eft al.’) reported that the maize 
endosperm in tissue culture required yeast extract as a nitrogen source for growth. 
Thus, in the early stage of embryogenesis of P. thunbergii it is also probable that 
the growth of suspensor and embryo is performed at the expense of proteins supplied 
from the neighboring tissues. It seems that starch and proteins are converted into 
substances of low molecular weights with breakdown of the prothallial cells and 
these nutrients are transferred from prothallium to embryo through the embryo 
cavity. In angiosperms, the probability of transportation of the nutrients from 
nucellus to embryo through the embryo-sac cytoplasm was suggested in leguminous 
plants (Takao’®4)). 

At the time when above-mentioned substances are absorbed by the embryo it is 
interesting that at first the proteins rapidly disappear and somewhat later the starch 
gradually disappears though a small quantity of them is left afterwards. A faster 
disappearance of proteins than that of starch does not seem to result from the 
quantity of them, but rather it may be actively converted into substances of low 
molecular weights to utilize for the embryo formation. 

Konar!) found that in the gametophyte (prothallium) of Pinus roxburghii several 
layers of cells surrounding the embryo are devoid of any visible reserve material. 
In P. thunbergii, on the contrary, small quantities of starch grains and amorphous 
polysaccharides remain in the cells of two or more layers surrounding the embryo 
cavity after the embryo has started to differentiate. However, the most part of 
this remaining starch and other polysaccharides disappear in the mature stage of 
seed. 

There havé appeared many studies on starch in the endosperm of angiosperms 
(Bernstein!’), Duvick!)). The problem whether the embryonic cells contain starch 
has been discussed. For instance, Netolizky!®) in Caryophyllaceae and Buell'®) in 
Dianthus observed on starch in the embryo, whereas Devine’’) reported that there 
are many starch grains in the cortex and the cotyledon of mature embryo of Lychr- 
nus. In the embryo of Pinus thunbergii, small quantities of starch grains appear 
first in the cells of the peripheral region close to suspensor. Then accumulation of 
much of amorphous polysaccharides as well as of many starch grains is begun in the 
basal portion of embryo, but nearly no accumulation is seen in the distal portion. 
On the other hand, there are only small quantities of small starch grains and of amor- 
phous polysaccharides in the cells of prothallium. These substances, therefore, may be 
too little to serve as reserve materials. On the contrary, in P. roxburghiit of Konar'*) 
many starch grains in the gametophyte (prothallium) may remain till the maturation 
of seed. The presence and absence of starch in the embryo and endosperm is probable 
to depend on difference of species. 

Duvick") reported in the endosperm of maize that some of the smal! cytoplasmic 
granules give a positive reaction to Millon’s reagent, they are stained yellow with 
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iodine and they are not birefringent under the polarization microscope. He concluded 
that these granules consist, for the most part, of protein, and he called them ‘“pro- 
tein granules’. In P. thunbergii though at first restricted in the basal part of the 
prothallium, these protein granules rapidly increase in their amounts and at the 
maximum condition they are contained in all the cells of prothallium. It seems that 
these protein granules are the reserve material and are analogous to those of maize 
endosperm. 

Konar?’) reports in Pinus roxburghii, that alcohol-soluble nitrogenous substances 
in the embryo and gametophyte (prothallium) decrease and are converted into proteins 
after differentiation of the cotyledon initials. In P. thunbergi small protein granules 
appear in the embryo from the stage of elongation of the cotyledon, and they are 
considered to be the storage material for the coming germination. Except for a little 
difference in the timings, Konar’s survey") is in agreement with the present mor- 
phological and histochemical studies in P. thunbergit. 

The mode of differentiation of Pinus thunbergii is scarcely different from that 
of P. strobus which Spurr’) described. 


Summary 


On the mode of embryogenesis in Pinus thunbergii, its course can be divided 
approximately into six stages. 

With histochemical methods the appearance and disappearance of proteins and 
polysaccharides are studied. The localization of these substances in the different 
stages of embryogenesis is elucidated. 

In the cells of the middle ‘part of prothallium where the suspensor elongates, 
abundant starch and proteins begin to appear in the proembryo stage. These sub- 
stances rapidly increase and reach the maximum state in the case of proteins when 
the suspensor has elongated to half of its full length, or in the case of starch when 
the embryo begins to differentiate into two portions. These substances disappear 
when the cells containing them break down. The proteins completely disappear 
just after the embryo initial has formed, and after some intervals the most of starch 
gradually decreases its amount till the basal portion of embryo begins to differentiate 
into two parts though a small quantity of them remains in the tissue surrounding 
the embryo. From the above facts it may be concluded that these substances are 
converted into soluble state and serve as nutrients for the early development of 
embryo. 

Protein granules begin to accumulate in the remaining prothallium from the 
stage of suspensor elongation and in the embryo from the stage of cotyledon dif- 
ferentiation. These protein granules gradually increase their amounts and in the 
mature stage of embryo attain to large quantities. Also many starch grains and 
much of amorphous polysaccharides begin to accumulate in the basal portion of embryo 
from the stage of cotyledon differentiation. These substances are considered as the 
storage material for the coming germination. 


The author expresses his deep sense of gratitude to Prof. Dr. T. Shimamura 


for his kind guidance, and also his grateful thanks to Mr. T. Ota for his helpful 
advice and criticism. 
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Explanation of Figures 


Fig. 1. Four nucleated proembryo stained with ninhydrine-Schiff reaction (only two of 
the four free nuclei are seen). Cytoplasm surrounding the nuclei is stained homogeneously. 
ca. 140x. Figs. 2-11. Development of proembryo and embryo. Stained with Heidenhain’s 
iron-hematoxylin. Fig. 2. Four-nucleated proembryo at the bottom of egg cell (two nuclei 
are seen). Cytoplasm of proembryo is stained intensely, and the prothallial cells neighboring 
the egg bottom become rich in relatively dense cytoplasm. ca. 140x. Fig. 3. 12-celled pro- 
embryo composed of three tiers. The stainability of cytoplasm in the proembryo becomes. 
weaker. ca. 140x. Fig. 4. Beginning of the elongation of suspensor. The prothallial cells 
lying in front of suspensor is stained intensely. ca. 70x. Fig 5. Embryo in early stage. 
The embryo is composed of rectangular cells similar in shape to each other. ca. 160. Fig. 
6. Beginning of the differentiation into two portions. The distal portion is composed a few 
layers of rectangular cells and the other portion is of flat cells. ca. 120x. Fig. 7. Later 
stage than Fig. 6. The distal portion (d) composed of rectangular cells, the basal portion 
(b) containing flat cells and the secondary suspensor (s) composed of somewhat round cells 
are seen. ca. 90%. Fig. 8. Differentiation in the basal portion. The central part is composed 
of transverse flat cells and the peripheral part is of oblique cells. The distal portion assumes 
a conical form. ca. 40x. Fig. 9. Shoulder-like protrusions (cotyledon initials) at the 
margin of conical region (shoot apex). ca. 40x. Fig. 10. Cotyledon initials elongate, and 
the part behind the shoot apex also elongates. ca. 30x. Fig. 11. The distal portion is seen 
elongating to the distal end and the basal portion reaches the basal end of the prothallium. 
ca. 18x. Figs. 12-13. Prothallium as a whole. Stained with iron-hematoxylin. Fig. 12. 
Prothallium in the stage similar to Fig. 6. The cells of peripheral region of the prothallium 
contain protein granules, but the inner region surrounding the embryo cavity is free of 
them. ca. 18x. Fig. 13. The stage similar to Fig. 7. The area containing protein granules 
extends to the distal end of prothallium. ca. 18x. 


Figs. 14-15. Prothallium as a whole. Stained with ninhydrine-Schiff reaction. Fig. 14. 
The stage similar to Fig. 10. The area containing protein granules extends throughout 
the whole prothallium. ca. 14x. Fig. 15. Prothallium and embryo in mature stage. All 
cells of remaining prothallium are full of protein granules. ca. 15x. Fig. 16. A part of 
prothallium in the stage similar to Fig. 15. In each cell many protein granules are seen. 
Stained with ninhydrine-Schiff reaction. ca. 600. Figs. 17-22. Changes in polysaccharides 
in the course of embryogenesis. Lillie’s polysaccharide staining. Fig. 17. The stage just 
after fertilization. The contents of prothallial cells are not stained. ca. 110x. Fig. 18. 
Eight-celled proembryo at the egg bottom. Large quantities of starch grains are seen in 
the prothallial cells a little apart from the egg bottom. ca. 120x. Fig. 19. Beginning of 
elongation of the suspensor. The cells lying in front of suspensor are rich in starch grains. 
ca. 110x. Fig. 20. Embryo and prothallium in the stage similar to Fig. 6. Starch grains 
in the cells in front of the embryo cavity reach the maximum in their amounts. ca. 110~x. 
Fig. 21. Prothallium and embryo in the stage similar to Fig. 10. Small quantities of starch 
grains and of amorphous polysaccharides remain in the cells surrounding the embryo cavity. 
In the embryo, starch is contained in the central region and the periphery of the basal 
portion. ca. 14x. Fig. 22. Prothallium and embryo in mature stage. The layer surround- 
ing the embryo cavity contains small quantities of starch grains. The basal portion of 
embryo has large quantities of starch grains and amorphous polysaccharides. ca. 14x. 
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Fukumoto and Takahashi!) observed the depression of growth induced by cutting 
of roots at wheat cultivation. Recently, Humphries?) has reported that difference of 
final yield was induced by partial removal of root system in barley plants cultured 
with solutions of varying mineral salt concentrations. 

It may be sure that partial root excision affects the growth of plant indirectly 
as well as directly; the direct effect was brought about by injury of root system 
and by the consequent depression of mineral nutrient absorption as mentioned by 
Humphries”), and the indirect one, by the change in physiological processes accom- 
panied with limited water uptake through the reduced root system. 

Here, it will be discussed on the basis of the results obtained in previous studies**) 
that the growth depression of sunflower plants with partially excised root systems 
was induced by the decline of net assimilation with transient unbalance in water 
economy of leaves. The influence of partial root excision on a plant growth must 
be of a very importance to discuss the effect on a subsequent growth of injury of 
subterranean parts by strong wind or by transplanting and weeding, especially in 
crop plants, many problems remaining to be studied in future. 


Material and Method 


The experiment was performed in the experimental field of the Tokyo University 
of Education at Hoya, Tokyo, in the summer of 1958. As material, Helianthus 
annuus L., variety ‘‘ Large Russian ’’, was used because of its high sensitivity to wilting 
and of its horizontally wide-spread root system, as illustrated by Weaver’), appro- 
priate for the partial root excision. After soaking in tap water for about 3 hours, 
the seeds of nearly equal weight were sown on June 3 in a regular disposition with 
80 cm. spacing, which was decided to eliminate the mutual shading of plants throughout 
the experimental period on the basis of the data of Clements ef al.°). The soils, a 
kind of Kanto loam, being fertilized previously with compost and slaked lime, have 
shown the permanent wilting point of 25 per cent on a dry weight basis and the 
field capacity of 63 per cent. 

Thirty-nine days after sowing, the plants grew in average about 43cm. in height, 
100 g. in fresh weight, and their lateral roots elongated almost horizontally 26cm. in 
maximum length, and the tap root reached vertically 21 cm. depth. A half number 
of the plants were excised their lateral roots by cutting the rhizosphere in a circle of 
10cm. diameter up to 20cm. depth around the plant with a semi-cylindrical aluminium 
plate (10cm. in chord). The eliminated part was 28 per cent in total dry weight of 
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*** SanjO Junior High School, Mizuhashi-machi, Toyama Pref., Japan. 
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the root system, or 61 per cent in fresh weight of the lateral roots (ref. Table 1). 
The control plants and the treated ones were respectively designated as the A- and 
B-sets. 

Table 1. Effect of a partial root excision on the growth in leaf area (sq.cm./plant), 


root system (g.f.w./plant, and g.d.w./plant) and active root/leaf area ratio 
(=Cw/F ratio, mg.f.w./sq.cm.). 


Control plant (the A-set) ° | Treated plant (the B-set) 
| 
Jul.12 Jul.19 Jul.26 Aug.2 | Jul.12 Jul.19 Jul.26 Aug.2 
Leaf area 1323 3105 5340 9300 1323 2267 4160 7100 
f.w. 5.6 14.8 25.0 5122 Zee 14.6 PASS] 38.7 
lateral | 
d.w. 0.26 eos 2e15 3.0 0.10 1.57 parte 3.6 
Root 
| f.w. 1.1 Apileaie i437 No HiZ 3.0 17.3. 35.7 
ta 
5 Pee 0.24 0.38 1.65 3.4 0.26 0. 23 leas 3.0 
Cw |F ratio 4.2 4.7 Aer 5.5 1.6 6.4 hes 5.4 


The sampling was carried out at daytime between 10 a.m. and noon, three times 
at constant intervals of a week, starting from July 12 (the same day of root excision). 
Fresh and dry weights of leaves, stems, roots and flowers, and leaf area were 
measured at each sampling in 7 replications at the A-set and in 14 replications at 
the B-set. The average values were used in the following discussion. 

Apparent photosynthetic activity was measured in the wilted leaves under given 
field conditions by the modified Sachs method or the ‘‘leaf-punch method’’. Fifty 
leaf disks, whose total area was 57 sq. cm., were punched out from the matured 
laminae, excluding the large veins, of the leaves at the eighth-eleventh nodes from 
apex. These disks were oven-dried at 90° immediately after punching. The difference 
between the dry weight of leaf disks at the first punching and that at the second 
punching after two hours, gave approximately the net photosynthesis under the con- 
ditions where the plants were exposed, although some deviation should be induced 
mainly by decrease of assimilates in leaves by respiration and translocation. The 
mean value of the duplicate measurements was expressed by mg. dry weight/50 sq. 
cm./hr. A minute reduction of the leaf surface accompanied with wilting was 
neglected. 


Results and Discussions 


1. The growth: Effects of root excision on the growth in plant weight are set out 
in Fig. 1 and Tables 1 and 4. Growth difference, in dry weight as well as in plant 
height, between the A- and B-sets could be seen rather slightly for the first week 
of the treatment and became marked with development of the plants. At the end 
of the experiment the growth of plant at the B-set reached only 63 per cent in total 
dry weight and 79.5 per cent in plant height of the A-set (112g. d.w., 127cm.). 
Leaf growth was extremely depressed at the B-set throughout the experimental 
period because of reduction of fresh leaf or active leaf area with early senescence 
of leaves in the first week of the root excision. The treatment induced much depres- 
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Fig. 1. Difference of growth in dry 
weight (continuous lines) and in plant 
height (broken lines) between the con- 
trol plants (open circles) and the plants 
whose roots were partially excised 
(closed circles). The treatment was 
given on July 12. 


Growth in plant weight (g.d.w.) 
Growth in plant height (cm.) 


sion of the fresh lateral root but none of the tap root. The subsequent recovery of the 
root system brought about only in a few days a new lateral root system which was 
of the same in dry weight as that of the control plant. The linear relationship with 


a regression line of F=207.8 Cy—453.8 was also demonstrated between total leaf 


area F (sq. cm.) and lateral root C. (g.f.w.), as seen in tobacco plantt*). 
Net assimilation rates (NAR, mg.d.w./sq.cm./week)’), which indicates the efficiency 
of leaves in the growth rate, were as follows: 


July 12—19 July 19—26 July 26—Aug. 2 
at the A-set 1.30 5.26 8.83 
at the B-set 7.02 4.05 6752 


It is very clear that the NAR for the A-set always exceeded the NAR for the B-set. 
The significant depression of NAR in both sets from July 19 to 26 was rather caused by 
bad weather with insufficient solar radiation. 

From the above facts, it could be considered that the effect of partial root exci- 
sion results in the reduction of transpiring surface and that the rapid recovery of the 
root system from the injury may offset the unbalance of water economy of the plant 
within a short time. These two, conversely, give rise toa decrease of photosynthetic 
system and the large consumption of produced matter for the recovery of root 
system, and make worse the subsequent growth of the plant. 


2. The variations in leaf water content: From the night of July 13, the second 
day after root cutting, to the evening of the next day, the time course of leaf water 
content was studied in leaves of about the same nodes as those used for net assimila- 
tion measurements (see section 3). The average value of duplicate measurements 
was expressed by leaf water index, mg. water/1 sq. cm. leaf area‘), As was presented 
in Fig. 2, the effect of root cutting revealed itself in clear difference in the time 
course of leaf water index (cf. also Wilson e¢ al.’). A maximum of leaf water index 
appeared just before sunrise (5 a.m.), i.e., 25 mg. H,O at the A-set and 23.6 mg. at 
the B-set. The minimum, estimated from the curves in Fig. 2, could be seen at 2 
p.m., with values of 22mg. in the A-set and 18.5mg. in the B-set. These values 
indicate the occurrence of extreme leaf water deficits at daytime. 
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Fig. 2. Diurnal variations of a leaf water index or leaf water 
deficit on July 13-14 (thick lines: © the control, @ the 
treated) and on July 18 (thin lines: © the control, © the 
treated). The above figures indicate light intensities (solid 
lines) and air temperatures (broken lines) were also shown. 


As discussed in a previous paper‘), leaf water amount of an intact plant can 
chiefly, if neglected small contribution of stem water, be determined by the active 


root/leaf area ratio (Cw |F ratio‘)) and by the transpiration rate, the latter being mainly 
affected by stomatal movement in case of a constant atmospheric saturation deficit. 
It was, however, difficult to find out any special relationship between transpiration 
rate and daylight intensities in the range of 10—75 kilolux (Fig. 5), though below 10 
kilolux a relationship was observed between both measures (unpublished). —— con- 
cerning discussions in detail see section 3. 
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=| F A Fig. 3. Variations with time of the active 
‘O root/leaf area ratio (=C,,/F ratio) in the 
S 2 A- and B-sets. Root excision was made 
Ine, in the B-set on July 12. 
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Fig. 3 shows the time trend of the C,./F ratio (cf. also Table 1). With partial 
root excision on July 12, the ratio at the B-set was decreased to 1.6 in comparison 


with 4.2 at the A-set. This significant difference in the Cw/F ratio might bring 
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about the different absolute values of leaf water content on July 14 between the A- 
and B-sets. Six days after the root cutting (July 18) when the latter surpased rather 


the former in the C,,/F ratio, both the sets showed more or less the same diurnal 
rhythms in changes of leaf water index (see Fig. 2), under the conditions of intense 
light exposure of 100 kilolux and high air temperature of 30°. 

No significant difference of soil moisture content could be observed between the 
A- and B-sets. On July 18, the soil moisture content at the A-set was 40.6 and 
43.4 per cent on a dry weight basis at 10 and 20cm. depths, respectively, and that 
at the B-set 38.3 and 40.4 per cent at respective depths. On July 24, the values 
were 58.9 and 62.7 per cent at the A-set, and 60.0 and 75.2 per cent at the B-set 
respectively. The maximum depth reached by the root system was 10—20cm. on July 
19 and 26. Therefore, it may be conclusive that between both sets appeared to be 
no difference in the resistance to water absorption from the rhizosphere. 


3. Relation between net assimilation and leaf water deficit: In parallel with the 
determination of the time course of leaf water index, net assimilation of leaves was 
measured under a light-saturated condition over 25 kilolux, on July 14 and 18. The 
obtained results illustrated in Fig. 4 indicate clearly that the net assimilation decreased 
linearly with increase of leaf water deficit, irrespective of the kind of the sets. At 
little, less than 5 per cent, leaf water deficit, leaves assumed to have a maximum 
net assimilation of 7.2 mg.d.w./50 sq.cm./hr. 


ed 


Net assimilation 
(mg.d.w./50 sq.cm./hr.) 


Transpiration rate 
(mg.H,O/sq.cm./hr./cm. Hg) 


0 10 20 30 40 


10 30 50 70 
Leaf water deficit (%) Light intensity (kilolux) 


; : : aes Fig. 5. Transpiration rates under strong 
Fig. 4. Relationship between net assimila fighedntensinee © Measured'in the field 


tion and leaf water deficit. Open circles, on July 14 and 18. Open circles, con- 
the control; Closed ones, the treated. trol plants: Closed ones, treated plants. 


That stomata closure is induced with water deficiency of a leaf is generally 
believed, and this may limit the net assimilation. To clarify the stomatal behavior 
of wilted leaves, transpiration rate was investigated on July 14 and 18 in parallel 
with the net assimilation measurement by measuring loss in fresh weight of a leaf 
for 3 minutes just after detaching. The diurnal rhythm of transpiration rate was 
obscured by individuality of leaves and fluctuation with leaf age, even under the 
condition with clear rhythm of leaf water deficit. Fig. 5, where the transpiration 
rates were illustrated in a coordinate system against light intensity, shows a slight 
depression of transpiration rate at the B-set, without any clear relationship between 
these two measures (in the stronger light range above 10 kilolux). Generally speak- 
ing, there seemed to be no stomata closure with leaf water deficit in these sunflower 
plants, and the observed depression in net assimilation had not to be induced by the 
closing of stomata but directly by the water deficiency in mesophyll cells, as discussed 


by Dastur e¢ al.’). 
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As for the influence of the partial root excision on the absorption of mineral 
nutrients, a total nitrogen content of the leaf was measured by a micro-kjeldahl 
method. Until July 26, one could hardly recognize any peculiar deviation in the 
values summarized in Table 2. This may suggest that the mineral nutrient absorp- 
tion limited by the treatment did not reveal itself in the nitrogen deficiency in leaves 


Table 2. Difference in total nitrogen content of leaves between 
the A- and B-sets (mg.N/g.d.w.). 


Date | Jul. 12 Jul. 19 Jul. 26 Aug. 2 
Set | 
A 64.8 64.1 56.1 62.3 
B 64.4 59.3 54.1 49.0 


for the first two weeks and might not be directly responsible for the net assimila- 
tion depression discussed in the foregoing. A marked depression in leaf nitrogen 
content on Aug. 2, after three weeks from the root excision, remained to be studied, 
however. 

In conclusion, under the conditions of intense illumination and high temperature, 
wilting occurs with a large amount of water consumption by plants to induce a 
depression of subsequent plant growth. The partial excision of root system gives 
rise to a severe temporary wilting in leaves at daytime, depressing the photosynthetic 
activity of leaves and consequently the total growth of the plant, until the root 
system recovers from the injury, or in other words, the active root/leaf area ratio 
again reaches a normal value. 


4. Theoretical elucidation of the depression in total growth: For the quantita- 
tive elucidation of the above mentioned facts, matter production of the plants was 
calculated theoretically with combining photosynthetic acticity and the leaf water 
deficit, which could be obtained according to the following equation (see a previous 
paper‘), page 18). Actual leaf water index (mg.H.O/sq.cm.) 


EWIETW L(A: Cod Fenda l tanith: abate easienbeat aan 
where LWI, is the normal leaf water index: A:, a coefficient of water absorption: 


Cw/F, the active root/leaf area ratio (mg.f.w./sq.cm.): d, atmospheric saturation 
deficit (cm.Hg): Ti, transpiration rate (mg.H:O/sq.cm./hr./cm.Hg) of leaf. And, 
relative leaf water deficit (%)= BW het pt | a ne TUNE AEP 
Each factor concerned was determined as follows: (1) A: was estimated with Equa- 
tion (1), where being substituted a maximum (5a.m.) anda minimum (2 p.m.) leaf 
water content on July 14 (Fig. 2), the amount of transpiration at a given time, and 
the active root/leaf area ratio on July 14 (Fig. 3). An average value of 2.4 of the 
coefficient was obtained. (2) Transpiration rates in Fig. 5 showed slight difference 
between the two sets. However, 16 mg.H2O/sq.cm./hr./em.Hg was adopted at both 
sets irrespectively to simplify the calculation. (3) The LWI, was determined as 25 
mg.H:O in average, despite its deviation from 22 to 27mg. during the experiment. 
(4) The daily variation of saturation deficit was obtained from the 10 a.m. data at 
the Tokyo Central Meteorological Observatory, because they can represent the average 
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values at daytime (see Table 3). (5) Everyday’s active root/leaf area ratio was 
assessed from Fig. 3. 

Thus, the daily average values at daytime of the leaf water deficit varying 
with the active root/leaf area ratio were calculated as tabulated in Table 3. These 
values indicate that a severe water deficit might have occurred in the plants for the 
first 5 days of the experimental period at the B-set than at the A-set, while during 
July 19—28 with low solar radiation there might be hardly any water deficit at both 
sets except for the day with heavy saturation deficit, and that a considerable water 
deficit might have emerged at both sets in the daytime after July 29 when the weather 
turned fine, having a high saturation deficit. 


Table 3. Daily variations of solar radiation, duration of illumination and atmospheric 
saturation deficit at the Tokyo Central Meteorological Observatory and of the 
average leaf water deficit and net assimilation under a light intensity 
stronger than 25 kilolux, calculated by Equations 1 and 2. 


BS casa ken ah) Suede ae Mane ath [NE cetltlin 
cal. /cm.?/ (hrs.) 10 a.m. Contiot Tikeated sq.cm./hr. 
day | >25 KL. <25 KL. cm.Hg. Control Treated 
utes 12 375 9 45 ORZ2 5.8 XN) 7 7.1 Bah 
13 315 9 4.5 0.71 ASD 23.4 ee, 4.7 
14 345 9 4.5 0.72 38 17.3 Wi2 bao 
15 530 10.5 3 0.77 6.1 13.8 7.0 5.9 
16 560 10.5 3 1.24 36.1 olel 3.0 2.9 
ily 580 10.5 3 0.67 0 0 ieee USB 
18 600 10.5 3 0.94 15.0 5.4 5.8 Teg 
Jul. 19 360 9 4.5 0.96 16ee 0 5 6 C2 
20 150 7 6.5 0.36 0 0 7.2 7.2 
21 155 7 625 0.26 0 0 fee ee 
22 335 9 ANS 0.50 0 0 7.2 lie? 
23 200 rf 6.5 0.28 0 0 ie 7.2 
24 425 9 4.5 0.61 0 0 ees Ce 
25 225 8 BD 0.34 0 0 ites Ug 
Jul. 26 185 7 6.5 0.42 0 0 War? Woz 
27 290 8 baa 0.39 0 0 le 2 ee 
28 240 8 Seo 0.68 0 0 ee, ee 
29 600 10.5 3 Leo 350 33.0 3.0 3.4 
30 550 10.5 3 0.87 6.7 4.8 69 Ee 
31 530 10.5 3 0.83 3.2 1.3 Mind, ez 
Aug. 1 625 10.5 3 0.93 8.6 Text 6.7 6.8 
460 10.5 3 1.23 25.9 26.9 4.3 4.2 


Daily average values (at light intensities stronger than 25 kilolux) of net assimila- 
tion with varying leaf water deficits (Tab. 3, cols. 5 and 7) were estimated on the 
basis of the relationship illustrated in Fig. 4. The results are shown in Table 3, 
cols. 8 and 9. A photosynthetic acticity of 2.8 mg.CeH100;/50 sq.cm./hr., as a mean, 
was adopted, when light intensities were weaker than 25 kilolux and leaf water 
deficit may not occur as assumed from the data in Fig. 2. Leaf respiratory acticity 
of 0.8 mg.CeH100s/50 sq.cm./hr. was determined after Bohning ef al.*). The duration of 
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illumination stronger than or weaker than 25 kilolux was calculated by using the 
data of the said Observatory (Table 3, cols. 3 and 4). 

Respiratory activities of non photosynthetic organs at 25° were measured of 2.6 
mg.d.w./g.d.w./hr. at the root system (water content 1130%) and of 2.3 mg. at the 
stem (water content 1069%) by a modified Boysen Jensen method. These activities 
may be rather high as compared with those after Kidd et al.1°). Flower buds were 
estimated in respiratory activity to be the same as the stem. Although the water 
content of stem and roots may fluctuate in parallel with changes of that of leaves, 
unfortunately there are so far almost no observations as to how the variation in 
water content of them affects their respiratory activity. Correction for temperature 
effect on physiological activities were not made: hereto during the experimental 
period, the air temperatures at 10 a.m. fell in the range of 22°—31° and the mean 
soil temperatures at 10cm. depth, 24°—29°. 

The growth process, or dry matter reproduction, of the sunflower plants in both 
sets was traced by calculating the matter production with the values discussed above 
by the same method as reported before’). A fairly good coincidence between the 
observed growth and the calculated can be seen in Table 4 that illustrates the clear 
comparison between both sets. For example, on July 19, one week after starting 
the experiment, the observed dry weight and the calculated of the sunflower plants were 
25.1g. and 24.0g. at the A-set, and 20.9g. and 20.5g. at the B-set, respectively. 


Table 4. Comparison between the observed and the calculated dry weight 
(g./plant) in each organ. Figures in parentheses indicate 
the dry weight of dead leaves. 


Control plant Treated plant 


Jul. 12, = Jul. 19 Jul. 26 Aug. 2, |Jul.12} . Jul. 19 | Jul. 26 Aug. 2 


obs. | obs. cal. | obs. cal. | obs. cal. || obs. | obs. cal. | obs. cal. | obs.” cal 


Leaf 33.8) 4.6 O.1 9.21 13.2 16.8 | 26.0 34.9 


4.6 | 11.3 11.0]16.9 18.2| 31.6 

(O:1)4 @.1)) = 4'.3) <> | ©.8)ec o~1(0.1) 80-3) 1 X01) ae | cee 
Stem | 3.6 | 12.0 11.3 | 26.1 28.8) 66.7 60.6] 3.6 | 9.7 9.6) 17.2 23.3| 34.4 44.1 
Flower | — = | 0.2 Oat) 1.6 ae hoe Pe — wl OL  ty2 ho OlGatinD 


Root 0.5 1.7 | Leg 3.8 580 | 6.4 6.4) 0.36 |-1.8 1.7) 3.1 4:2) 6.65 873 


Total 8.8 | 25.1 24.0 | 47.3 52.2 |111.9 102.1] 8.66 | 20.9 20.5 | 33.9 44.5 | 70.6 88.3 


However, the excess of the calculated growth over the observed at both sets on July 
26 might be induced by an overestimation of daytime’s photosynthetic activity with 
no leaf water deficit. Moreover, some discrepancy between the observed and 
calculated at the B-set after July 26 may indicate the retardation of dry weight 
growth caused by the reduction of nitrogen content in leaves (see Tab. 2, Aug. 2). 

At any rate, the mentioned agreement of the dry matter production seems to 
demonstrate the justice of the basic concepts and data applied to the theoretical analysis 
and synthesis of the growth process. The growth depression of the sunflower plants 
caused by removal of a part of root system resulted primarily from the depression 
of photosynthetic activity accompanied with increasing leaf water deficit for which 
the reduction of active root/leaf area ratio and severe environmental conditions are 
responsible, giving rise to an unbalance of water economy in the plants. 
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Summary 


1. Under field conditions, applicability of equations of water economy obtained 
in a previous study‘) was investigated in sunflower plants by causing a temporary 
wilting with partial excision of roots, 61 per cent of fresh lateral roots. 

2. The treated plants could reach in dry weight only 63.1% of the control plants 
after three weeks from starting the experiment. No significant difference in total 
nitrogen content in leaves was detected between both plants at least for the first 
two weeks of the partial root excision. 

3. A striking difference in time course of leaf water content was observed 
between the control and treated plants after two days of the root excision, but after 
6 days the difference almost vanished (Fig. 2). The difference could be demonstrated 
by changes of the active root/leaf area ratio (Fig. 3). 

4. Net assimilation of leaves decreased almost linearly with increase of leaf 
water deficit, while a closing of stomata could hardly be observed even under an 
intense light exposure. 

5. The growth in dry weight of the control and treated plants was pursued by 
calculating the dry matter reproduction of the plants with Equations (1) and (2). 
The general agreement between the observed and calculated growth justifies the 
basic concepts and data adopted to the calculation. The growth depression by partial 
root excision can result chiefly from the depression of net assimilation caused by the 
temporary wilting of leaves. 


The authors wish to express their thanks to Ass. Prof. S. Yokogi of the Tokyo 
University of Education for care of the material plants and his willing help. 
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In a previous paper'), the writer reported the existence of chlorophylls in the 
seeds of Nelumbo nucifera and some other angiospermous plants. On the chlorophyll 
formation, numerous works have been done, and the ratio of chlorophyll a to bd in 
various leaves are known. On the ratio in the seed, however, almost no report has 
been submitted. The present paper is concerned with the ratio of chlorophyll a to b 
in the Nelumbo fruit. 


Materials and Method 


The materials investigated are as follows: the plumule in the various maturing 
stages?) of the fruits of Nelumbo nucifera Gaertner, the cotyledon of Glycine Max 
Merrill, normal leaf of Nelumbo and juvenile leaf which sprouted from the Nelumbo 
fruit in the laboratory. 

Regarding the quantitative analysis of chlorophyll, various methods have been 
worked out. It is difficult in the case of Nelumbo plumule to separate chlorophyll a 
and b by column chromatography and to estimate them because of the small quantity. 
Various paper chromatographical methods* * °), are known, some of which are based 
on the theory that the area of the spot is proportional to the logarithm of the amount 
of the substance. In the chromatogram of the chlorophyll pigment, however, each 
spot on the filter paper does not necessarily represent a pure pigment; the density 
of the pigment in each spot is not similar, and the boundary of the spot is often 
unclear. Therefore, it is not easy to analyze chlorophyll pigment paper-chromatogra- 
phically. Having some errors, paper chromatography is available for quantitative 
analysis of chlorophylls. The pigments of the samples were extracted with methanol- 
acetone mixture (1:1) under very weak and indirect light. At first the pigments of 
Nelumbo leaf were developed chromatographically with the solution of various amounts 
and the area of each spot was measured, followed by drawing a graph. 

Besides the paper chromatography, the absorption curves were taken with Record- 
ing Spectrophotometer, and the quantitative estimation of chlorophylls was made 
with the aid of the simultaneous equations’), using absorbance (E) values at 663 and 
645 my. 

The transmittance’) of light into the Nelumbo fruit which is concerned with chloro- 
phyll formation, was measured by an illuminometer (Tokyo Kéden), the method being 
as follows: Five holes of 5mm. diameter were made on two paper boards. Nelumbo 
fruits were cut across the top, in which the plumule exists. The top pieces of the 
fruits were placed in the holes and fixed with gum. Then, the paper boards with 
and without the samples were illuminated with an incandescent lamp under the 
illumination of 1000 lux and transmittance was measured. 


* Fujisawa Higher School attached to Nihon University, Fujisawa, Kanagawa Pref., Japan. 
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Results 


In order to obtain the relationship between the amount of chlorophyll and the 
area of the spot, the pigment solution of Nelumbo leaf was applied on a filter paper 
in various dilutions and the size of the spots was measured. The result is shown in 


Fig. 1. The pigment of the Nelwmbo leaf was 
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developed in various amounts using methanol-acetone 
1.2 solution, and the areas of the spots were measured. 
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Fig. 1, where the area of the spot was plotted against the content in logarithmic 
units. The line drawn in the figure shows that the area of the spot is proportional 
to the logarithm of the content of chlorophylls. 

In the second maturing stage?) of Nelumbo fruit, the plumule becomes yellowish 
green. The pigment was extracted with a methanol-acetone mixture and was de- 
veloped with carbon tetrachloride, toluene and xylene, showing yellowish green (YG) 
and bluish green (BG) spots or often only YG spot. The similar spots were observed 
with the samples up to the seventh maturing stage. The areas of BG and YG spots 
in the chromatograms of the Nelumbo plumule in various maturing stages were 
measured using a planimeter more than ten times. The ratios of BG spot to YG 
spot were calculated and the average values of the ratios were shown in Fig. 2, 
The ratios tended to become smaller with maturing. 

The absorption curves of the pigments dissolved in acetone using the Nelumbo 
plumules of the fifth and seventh stages are shown in Fig. 3-A. The absorption 
curves of the pigment of YG spot which was cut off from the chromatogram of Nelumbo 
leaf and of the pigment of Glycine Max, in acetone solutions and with Cary spec- 


Fig. 2. The ratio of BG spot to YG spot in the 
chromatograms of Nelwmbo plumule in various matur- 
ing stages, juvenile leaf (J.L.) and normal leaf (L). 
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Fig. 3. Absorption curves. A) Using Beckman 


spectrophotometer (acetone solution), VII, Nelwmbo 0.8 
plumule of the 7th stage V, the same of the 5th 0.8 
stage, B) Using Cary spectrophotometer (acetone solu- 0.7 


tion), YG, YG spot in the chromatogram of Nelumbo 0.6 
leaf, Gl. Glycine Max, C) Do. VII, Nelumbo plumule 


0.5 
of the 7th stage, J, juvenile leaf that sprouted from at 
the fruit, D) Using Cary spectrophotometer (methanol .. 
solution), II, Nelumbo plumule of the 2nd stage IV, m 


the same of the 4th stage, E) Do. V, the 5th stage 
VI, the 6th stage. 0.1 


trophotometer, are shown in Fig. 3-B. The same of the Nelumbo plumule in the 
seventh maturing stage and juvenile leaf by acetone solution are shown in Fig. 3-C. 
The same of the Nelumbo plumule of the second and the fourth maturing stages and 
the fifth and sixth stages by methanol solution are respectively shown in Fig. 3-D, -E. 

Calculating with the values of E 663 and E 645 using the simultaneous equations 
described above in the absorption curves of the Nelumbo plumules dissolved in 
acetone, the ratios of chlorophyll a to b were estimated in Tab. 1. 
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Table 1. The ratio of chlorophyll a to 6 calculated with the values of 
E 663 and E 645 using simultaneous equations. 


Ratio of chlorophyll a to 6 
Pigments Using Beckman Using Cary 
spectrophotometer spectrophotometer Average 
Nelumbo plumule of 5th stage 0.86: _ 0.86 
” 6th 7 0.75 0.93 0.84 
” (thee 0.72 0.85 0.79 
Juvenile leaf of Nelwmbo -- 1.08 1.08 
Cotyledon of Glycine Max 0.58 0.86 0.72 
YG spot of Nelumbo leaf 0.59 0.39 0.49 


As the result calculated with the values of E 663 and E 645, it was clarified that 
YG spot in the chromatogram of Nelumbo leaf contains chlorophyll a and b in the 
ratio of about 1:2. The cotyledons of Glycine Max contain chlorophyll 6 more than 
chlorophyll a, and on the chromatogram of the pigment, which is scanty in chloro- 
phyll a, only YG spot was detected. 

In the absorption curve of chlorophyll pigment dissolved in methanol, though a 
shoulder at 645 my did not appear, distinct peaks were seen at 470 and 440 mp (Fig. 
3-D, -E). In the absorption curves of plumule was found that the ratio of E 470 to 
E 440 became gradually and steadily smaller with maturing and the results are 
shown in Fig. 4. 


Fig. 4. The ratios of E 440 to E 470 in the 
absorption curves of Nelumbo plumule pigments dis- 
solved in methanol using Cary spectrophotometer 
(see Fig. 3-D, -E). II—VII: Maturing stages of the 
plumule, J.L: juvenile leaf, L: foliage leaf. 
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The transmittance of light into the Nelumbo fruits which was measured by the 
method mentioned above is as follows: 


Table 2. The transmittance of light into the Nelwmbo fruits in the 
various maturing stages. 


Maturing stages 1st 2nd 3rd 4th 5th 6th 
Transmittance (%) 0.5 0.3 O82 Ot 0.1 0 0 
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Discussion 


Generally it is considered that in the initiation of chlorophyll formation in normal 
leaf, protochlorophyll® * !°) is first formed and subsequently chlorophyll a and b are 
formed. In the plumule of Nelumbo fruit the same phenomenon may also occur, but 
in the present experiment, the initial state of chlorophyll formation could not be 
observed. In the plumule of Nelumbo, protochlorophyll was hardly detected in the 
absorption curve with any of the acetone and methanol solution, and also in the 
chromatograms. 

Comparing the ratios in the plumule of Nelumbo, it is clear that the ratio of 
chlorophyll a to 6 in the plumule became smaller progressively with maturing. That 
is to say, the amount of chlorophyll a@ seems at first larger than that of chlorophyll 
b, then chlorophyll 6 increases gradually and becomes larger than chlorophyll a. 
These facts suggest that in the plumule of the early stage, chlorophyll a@ is compara- 
tively less formed than normal leaf on account of the sparseness of the available 
light (Tab. 1). Chlorophyll a in the plumule of the late stage was much less formed 
and became smaller than chlorophyll 56 owing to no illumination. In the juvenile 
leaf that came out from the Nelumbo fruit, the ratio of chlorophyll a to b became 
larger. It is, therefore, considered that more chlorophyll a was formed on account 
of indoor light. In the foliage leaf, the amount of chlorophyll @ is much greater 
owing to intense and continuous illumination. 

The absorption curve of the pigment dissolved in methanol, did not show any 
shoulder at 645 my, therefore it is difficult to calculate using the simultaneous equa- 
tions. Acetone is an adequate solvent to see the shoulder of chlorophyll b at 645 
my. In the methanol solution, however, distinct peaks were seen at 470 and 440 my. 
Although the bands of carotenoids overlap on these peaks, the peaks are considered 
to be due to chlorophyll a and 6. Studying the ratios of E 440 to E 470 in the 
absorption curves of Nelumbo plumules in various maturing stages, it was found 
that these ratios became steadily smaller with maturing. In the juvenile leaf, the 
ratio became larger and in the foliage leaf, it became obviously much larger (Figs. 
3-D, -E and 4). It is clear that those ratios have a close correlation with the ratio 
of chlorophyll a to b. 


The writer wishes to express his sincere gratitude to Professor S. Hattori of the 
University of Tokyo for his kind guidance and invaluable advice. Further he thanks 
heartily to Professor S. Nagami of the Yokohama University for his kind guidance. 


Summary 


1. Paper chromatography is useful to some extent for quantitative analysis of 
chlorophylls. 

2. The ratio of chlorophyll a to 6 in the Nelumbo plumule was calculated with 
the absorbance values at 663 and 645 my using simultaneous equations. 

3. In the absorption curve of chlorophyll pigment dissolved in methanol, a 
shoulder of chlorophyll 6 at 645 my did not appear. Calculating the ratio of E 440 
to E 470 in the absorption curve of Nelumbo plumule, however, it was found that 
these ratios became progressively smaller with maturing. It is considered that those 
ratios have a close correlation with the ratio of chlorophyll a to b. 
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4. In the Nelumbo plumule, the ratio of chlorophyll a to 6 was considerably 
small compared with that in normal leaf and it became gradually small with matur- 
ing, while in the juvenile leaf just after sprouting, it was larger than in the plumule. 

5. The transmittance of light into the Nelumbo fruits of various maturing stages 
was measured. It was found that a very faint light is transmitted through the fruit- 
coat and seed-coat in the early maturing stage, but in the late stage the plumule is 
entirely cut off from the light. 
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The growth-promoting role of applied gibberellin has been demonstrated on the 
responses, such as cell division, elongation, fruiting, flowering and seed germination. 
Various aspects of these problems were summarized in recent reviews by Brian’), 
and Stowe and Yamaki? ?). Stimulation of seed germination by gibberellin was 
investigated recently. It has been known that the light requirement of certain seeds 
such as lettuce and tobacco was eliminated by the application of gibberellin* °). 
Lona®*) pointed out, however, that gibberellin would not be expected to act on germi- 
nation in the same way as red light. Biinsow and von Bredow’) and Poljakoff-Mayber 
et al.®) also suggested that the process of germination caused by gibberellin might 
not be the same as that caused by light. 

In the meantime, the separation of the whole process of the germination into 
several physiological phases has been carried out by Isikawa’) and Isikawa and Fujii’®). 
It was also shown by Toole ef al.!1) that three distinct stages were remarkable in 
the processes of seed germination, namely (a) imbibition of water, (b) cell elongation, 
and (c) increase in cell number. 

The present paper is concerned with the effects of applied gibberellin on the ger- 
mination processes of Sedum seed. 


Material and Methods 


The studies were performed on the light sensitive seed of Sedum kamtschaticum 
Fisch., a collected by Mr. Y. Yokohama in October 1959, at Mt. Nyugasa, Nagano 
Prefecture. 

The gibberellin used was kindly given to the authors by Dr. Y. Murakami of the 
National Institute of Agricultural Sciences. 

Gibberellin, in the amount necessary to produce the desired concentration in 
the medium, was added to the autoclaved agar medium just before its solidification. 
0.7-0.8% agar-medium in which gibberellin was dissolved in various concentrations 
was poured into Petri dishes of 6.5cm. in diameter. On the solidified surface, a 
filter paper wet with gibberellin solution in the corresponding concentration was placed 
directly, and 100 seeds were disseminated into each Petri dish. Next, each dish was 
wrapped in thick black paper, and placed in an incubator. The black cover was 
removed only when the irradiations were given on the seeds. 

In the case of short exposures of germinating seed to gibberellin, the following 
treatments were carried out under the presence of blue light (fluorescent light filtered 
through four layers of dark blue cellophane). The seeds pre-soaked with water were 
removed from the agar-bed together with the filter paper under them and were 
placed still on the soaked filter paper between four sheets of dried filter paper to 
remove the humidity surrounding the seeds, and they were disseminated into Petri 


* Botanical Institute, Faculty of Science, Tokyo University of Education, Otsuka, Tokyo, 
Japan. 
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dishes containing the indicated concentration of gibberellin. And then Petri dishes 
were covered with black paper and returned to the incubator. After various dura- 
tions of exposure to gibberellin, the gibberellin was washed off from the seeds with 
running water for 10 minutes. Thus, they were then allowed to germinate on the 
filter paper wet with water, placed on plain agar-bed. 

The light treatments were similar to those described for Nigella seeds®). Red 
irradiation was obtained from the standard cool white fluorescent lamp through a 
filter of two layers of red cellophane, and far-red was separated from the incandes- 
cent lamp through a filter of two layers of red and two layers of dark-blue cellophane. 
A definite intensity of irradiation was obtained by regulation of the distance from 
the light source to the irradiated Petri dish and examined by a photometer. Tem- 
perature was controlled at 23° except when it was changed specially under the ex- 
perimental necessity. 


Results and Discussion 


Preliminary experiments concerning the effects of gibberellin on germination 
indicated that the seeds of Sedum kamtschaticum Fisch. were induced to germinate 
by the application of gibberellin in continuous darkness and in constant temperature. 

Dose-response experiments were set up first with gibberellin levels varying from 
0.0025 to 200 ppm. ~— As indicated in Fig. 1, the stimulative effect of gibberellin on the 
germination of Sedum seeds in their germination percentages was the strongest at 25 
ppm., but it was not observed at 100ppm. in gibberellin concentration. The germinat- 
ed seeds treated with gibberellin in concentration of 25 ppm. were, however, eradicated 
as a result of the inhibited growth of their radicles after germination. Similar results 
were obtained to some other species!?-*). 

It is interesting, however, that the short period applications of gibberellin in a 
fairly high concentration were remarkably effective in promoting germination. 
Namely, each lot of seeds presoaked for various times with 100 ppm. gibberellin in 
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Fig. 1. Effect of gibberellin on germination of 
Sedum seeds in darkness. 
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Fig. 2. Effect on Sedum germination of various lengths 
of gibberellin exposure. Gibberellin exposures were carried 
out from the beginning of imbibition with a concentration 
of 100 ppm. 
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Fig. 3. Effect on germination of various lengths of gib- 
berellin exposure at various concentrations. The treatment 
were carried out at 3hrs. after the beginning of imbibition. 
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the dark, was transferred to a new plain agar bed respectively. In this experiment, 
the effectiveness of gibberellin treatment at 100 ppm. increased rapidly with the 
lenghthening of exposure during the first 18hrs. after the start of imbibition. The 
germination percentage in an 18 hr.-exposure gave a maximum value (92%), and then 
it gradually decreased with the increase of exposure time. The complete loss of the 
promoting effect of 100 ppm. gibberellin was observed in case of continuous exposure 
longer than 60 hrs. from the start of imbibition (Fig. 2). 

In the next experiments to observe the interrelations between the exposure 
time and the concentrations of gibberellin, seeds were exposed to gibberellin at 
various concentrations for various lengths of time at 3hrs. after the beginning of 
imbibition. The effectiveness of gibberellin exposure increased at first, and then it 
gradually decreased as the exposure time was prolonged (Fig. 3). The maximum 
percentages of germination induced by the treatment of 200, 500 and 100 ppm. gib- 
berellin were obtained with the exposures having the length of 24, 3 and lhr., 
respectively (Fig. 3). These experimental results suggested that the short application 
of gibberellin at high concentrations was effective to promote the preceding stage 
(germination-inductive stage) in the course of germination response, and inhibitive to 
the succeeding stage (maybe in elongation). In order to prove these suppositions on 
the actions of gibberellin for the germination of Sedum seeds, the following experi- 
ments were performed. 

Several lots of Sedum seeds pre-soaked with water were respectively exposed for 
24 or 6hrs. to gibberellin of 100 ppm. in concentration, at various imbibition time. 
In the case of 24hr.-exposure, a maximum value (more than 90%) of germination 
percentages was maintained during the first 36 hr. from the start of imbibition, and 
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Fig. 4. Sensitivity of Sedum seeds to 24 and 
6hrs. exposure to 100 ppm. gibberellin. 
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then it gradually decreased with the lapse of imbibition time. Similar result was 
obtained for 6hr.-treatment. However, the highest percentage of germination for 
this application was about 40% (Fig. 4). These sensitivity-curves to short application 
of 100ppm. gibberellin were parallel to the effectiveness of red irradiation for the 
induction of germination. In Sedum seeds, a continuous irradiation of 1,500 lux 
for more than 24hrs. was required to give a maximum percentage ath hrs. after 
the beginning of imbibition. But this maximum value was maintained during the 
first 24hrs. from the start of imbibition, and then it gradually decreased with the 
lapse of imbibition time (Fig. 5). These results indicated that gibberellin of fairly 
high concentrations could substitute red light to the induction of germination of Sedum 


seeds. 
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Fig. 5. Sensitivity curves of Sedum seeds to light- or 
gibberellin-exposure of 24 hrs. respectively. 


While, it was shown with light sensitive seeds that a succession of several 
alternate red and far-red irradiations resulted in a promotion of germination when 
the alternation ended with a red irradiation and resulted in an inhibition when the 
irradiation treatment terminated with an exposure to far-red irradiation. The light 
action on the germination of Sedum seeds was also repeatedly reversible (Table 1). 
After 3hrs. passed since imbibition had begun, ten lots of Sedum seeds were irradiat- 
ed for Lhr. with red of 1,500 lux and one lot was returned to darkness. The remaining 9 
lots were immediately irradiated for 1 hr. with far-red of 1,500, lux on the surface 
of Petri dishes and again one lot was returned to the dark. The 8 remaining lots 
then received another lhr. red irradiation and one lot was returned to the dark, 
and so on until all lots had been returned to darkness (Table 1). The chemical 
promotion of gibberellin, however, was not reversed by far-red irradiation (Fig. 6). 
These results suggested that gibberellin did not specially act on the light receptor, 
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Table 1. Effect of a succession of several alternate red and far-red irradiations 
at 3 hrs. after the beginning of imbibition. 


Treatment Germ. % 
R* 33.5 
R + FR** ie) 
R+ FR +R 43.5 
R + FR + R + FR 6.0 
R-+FR+R-+FR+R 56.0 
R + FR + R + FR + R + FR 4.5 
R + FR + R-+FR-+R-+FR+R 61.5 
R+ FR+ R+FR+R + FR + R + FR 8.5 
R + FR+R+FR+R+FR+R-+FR+R 73.0 
R + FR + R + FR +R + FR +R + FR +R + FR eo 
* Red light for 1 hr. 
** Far-red for 1 hr. 
Germ. % 
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Fig. 6. Effect on far-red inhibition of gibberellin 
exposure. 


but rather as a general germination stimulator, as suggested by Hayashi), Biinsow 
and von Bredow’) and Poljakoff-Mayber et al.°). 

On the other hand, to give a convincing proof of the inhibitive effects of 100 ppm. 
gibberellin application to the succeeding stage in the course of germination response, 
the combined treatments of the red irradiation (1,500 lux, for 18hrs.) and a short 
application (24hrs.) of gibberellin were performed at 23°. Namely, each lot of seeds 
irradiated by the red light for 18 hrs. from 3hrs. after the beginning of imbibition, 
was exposed to 100ppm. gibberellin, by varying the lengths of the interval between 
the light and gibberellin-treatment. The results were shown in Table 2. The red 
irradiation for 18hrs. gave 76.5% germination, unless short applications of gibberellin 
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Table 2. Inhibitory effect of gibberellin in the succeeding stage in the 
course of germination. 


Gibberellin Hours between red irradiation and gibberellin-treatment 
exposure 
(nour) 0 3 6 12 18 24 30 36 48 
24 90.0 81.0 90.5 86.0 82.0 74.0 55.0 56.0 aya s: 
36 | 64.0 65.0 62.0 62.0 52.0 48.0 — 33.0 6.0 


Red irradiation of 18 hrs.: 76.5% germination. 


were made. The inhibitive effect, however, occurred when gibberellin treatments 
were carried out after the red irradiation, and increased as the interval was prolonged. 

From these experimental results, it was suggested that high concentrations of 
gibberellin were unfavorable to the development following the germination-inductive 
stage. It is an important feature that the separation of the whole process of the 
germination into these two physiological stages by the actions of gibberellin could 
provide a new technique for the researches on germination. 

Next, to observe the effects of gibberellin on the development following the 
germination-inductive stage, the intact radicles (about 1mm.) induced to germinate 
under the light were used as a substitution, and displaced into Petri dishes contain- 
ing the indicated concentrations of gibberellin. Some of them were placed for 6 
days under the light and the others, in darkness and then they were measured their 
lengths. These results indicated that 0.25 ppm. concentration under the light, and 
0.0025 ppm. in darkness were favorable for their elongation (Fig. 7). In a number of 
species whose seed germination was not inhibited by gibberellin even of a fairly high 
concentration, it was conceivable that the development following the germination. 
inductive stage of these species were not sensitive to gibberellin inhibition. 


Length (mm.) 
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GA Conc. (ppm.) 
A. Lengths of radicles in darkness 
B. Lengths of radicles under the light. 


Fig. 7. Effects on the radicle of gibberellin at various concentrations. 
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Summary 


1. Seeds of Sedum kamtschaticum Fisch. are induced to germinate with the ap- 
plication of gibberellin even if they have not been irradiated by light. 

2. A continuous contact to gibberellin at a concentration of 100 ppm. is com- 
pletely inhibitory to the germination of Sedum seeds. It is noteworthy, however, 
that a short application of a fairly high concentration of gibberellin is remarkably 
effective to promote the preceding stage (germination-inductive stage) in the course 
of germination on response, and is inhibitive to the development following the germi- 
nation-inductive stage. In the Sedum seeds, high concentration of gibberellin is favorable 
for the induction of germination, and low concentration is favorable for their deve- 
lopment. 

3. Gibberellin-sensitivity to short application of high concentration is parallel to 
red light sensitivity curve. These results indicate that gibberellin can be substituted 
for red light in promoting Sedum germination. The fact that this chemical promo- 
tion with gibberellin is not reversed by far-red irradiation, however, suggests that 
the process caused by gibberellin may probably not be the same as that caused by 
red light. 
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Studies on the Mechanism of Seismonastic Leaf Movement 
in Mimosa pudica L. 


I. Existence of Irritability in the Upper Half 
of the Main Pulvinus* 


by Reizo Armi** 


Received April 22, 1960 


Regarding the mechanism of the seismonastic movement of Mimosa leaf, the 
hypothesis which was presented by Pfeffer?) has been widely accepted as an estiblished 
theory so far. Namely, the bending movement of Mimosa leaf takes place by the 
diminution in turgidity of the tissue of the lower half of pulvinus upon stimulation. 
The loss of the turgidity results in an equilibrium change of tissue tension between 
the upper and lower halves of the pulvinus and causes a bending down of the leaf. 
In this process, only the lower half of the pulvinus is concerned. 

According to the writer’s observation, however, any significant differences in the 
protoplast of the pulvinus cells were hardly recognized. Similar results were also 
reported by Yamamoto‘) and others. Hence doubt was cast as to the validity of the 
hypothesis which claimed the presence of irritability merely in the lower half of 
pulvinus. If this hypothesis be probable, it seems rather difficult to reconcile mor- 
phological similarity in the protoplast of the upper and lower halves of pulvinus with 
the localized existence of irritability in the lower half of the pulvinus. Furthermore, 
no rigorous experimental proof has been given thus far to the absence of irritability 
in the upper half of pulvinus. Hereupon it appeared to be of importance to re- 
examine the existence of irritability of the upper and lower halves of pulvinus 
separately. Precise experiments were, then, carried out with a leaf having either 
the upper or lower half of the pulvinus. 


Method and Materials 


According to the writer’s tentative experiments by means of a routine kymograph, 
slight response appeared to exist even in a leaf having only the upper half of the 
pulvinus upon stimulation. This method, however, was not suitable to trace the 
very reduced movement of the leaf, because of (1) presence of a considerable fric- 
tional resistance between the smoked paper and the pen of writing lever, (2) in- 
sufficiency in magnifying power of the movement. Hence a more sensitive recording 
apparatus was constructed using an optical lever system and this was employed in 
this experiment. 

Fig. 1 shows a diagram of the apparatus used: A common kymographion was 
placed in a dark box. A lever, which was equipped with a small mirror at one end, 
was set up level to the stand. At the other end of the lever, a fine cotton thread 
which was untwisted and slightly coated with vaseline, was tied. The other end of 


* The content of this report was presented at the monthly meeting of the Botanical 


Society of Japan on October 1944, and its summary is described in the Botanical Magazine') and 
also in Kagaku). 


** National Institute of Agricultural Sciences, Nishigahara, Kita-ku, Tokyo, Japan. 
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Fig. 1. Diagram showing the whole view of the apparatus 
used. m, Mimosa plant; 0, Optical lever; c, Cylinder lens; 
k, Kymographion; 1, Light source. 


the thread was connected to the apical end of the petiole which was kept so as to 
be in parallel with the lever. A light beam from the light source reflected at the 
mirror, passed through the cylinder-lens of the dark box, and focused on photographic 
paper which was wound round the drum of the kymographion. The vertical move- 
ment of the leaf was conveyed to the lever system. As shown from this mechanism, 
in order to record the vertical movement of the leaf satisfactorily, the leaf petiole 
must be set up so as to be almost parallel to the lever. Hereupon the downward 
movement of the leaf will be recorded as an upward curve on the photographic paper, 
or vice versa. The magnitude of this lever system was approximately 4.6. 


Experimental procedure Primary pulvini of fully developed leaves of a well-grown 
plant of Mimosa pudica L. were used as material. Several hours before experimenta- 
tion, plants were transferred from the culture field into a room in order to make 
them accustomed to indoor conditions. 

The operation removing the half part of the primary pulvinus was carried out 
using a sharp razor blade, retaining the vascular bundle which pierces through the 
middle part of the pulvinus. The cut surface of the pulvinus was coated with liquid 
paraffin so as to prevent the operated pulvinus from drying due to loss of the tissue 
fluid. 

After this treatment, the Mimosa plant was carefully set up to the apparatus 
and allowed to rest for about one hour prior to the experiment to eliminate the 
stimulation effects received during the treatment. 

Stimulation was made by depositing a drop of ethyl ether upon the pulvinus. 

Further details regarding method and technique will be described in each perti- 


nent section. 


Results and Discussion 


(1) Existence of irritability in the lower half of pulvinus. 


It has been well known that even if the upper half of the pulvinus is cut away, 
the remaining half (i.e. the lower. half) will still function satisfactorily, reacting to 
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stimuli in a weakened but otherwise normal fashion. Accordingly, experiments were 
first carried out with such a leaf in order to determine whether or not the new 
device is suitable enough to record the reduced leaf movement, in addition to deter- 
mining the behavior of the irritable movement in the operated leaf. 

Cutting away the upper half of the pulvinus for preparing the leaf having only 
the lower half of pulvinus, the leaf was bent down by the shock of the treatment. 
After a while, however, the leaf came up slowly, and almost attained to the initial 
position, and leaflets began to re-open. Such leaves which recovered to this state 
were capable of reacting normally again to stimuli. All the experiments were carried 
out with these leaves. 

A typical curve of the movement of a leaf having only the lower half of pulvinus 
is shown in Fig. 2. The sudden bending movement occurred upon stimulation. The 
leaf then returned to the initial position within a rather shorter period than that 
displayed by the intact leaf, which usually requires about 15 minutes for recovery. 


Fig. 2. Curve showing the movement of a leaf having 
only the lower half of the pulvinus. 


From the fact that the downward movement occurs upon stimulation, it may be 
clear that the contraction of the pulvinus tissue takes place. 

Observing the curve, we may realize that the base-line itself was descending 
continuously. This indicates that the leaf was erecting itself continuously, due to 
the tissue tension in the pulvinus of the remaining lower half. Despite this, the 
irritable bending movement occurred quite independently upon stimulation. In other 
words, there exist two kinds of bending forces within the same half of pulvinus. 
One is due to the contraction of the pulvinus tissue, the other is due to its exten- 
sion. The former is revealed only when the leaf is stimulated, but the latter always 
exist apart from irritability, so far as the pulvinus maintains its own tissue tension 
The author would like to term the former “ irritable bending force’’, and the fates 
““non-irritable bending force’’. 

From the experiments in this section, the phenomenon of the irritable bending 
movement of the leaf having only the lower half of the pulvinus was clarified. At 
the same time, it was ascertained that newly designed apparatus is suitable enough 
for the recording of very reduced movements made by the operated leaves. 


(2) Existence of irritability in the upper half of pulvinus. 


From the foregoing experiment, it was ascertained that the apparatus used was 
capable of recording even the most reduced movements of the operated leaf. The 
experiment in question, examining the existency of irritability of the upper half of 
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the pulvinus, was then carried out with a leaf having only the upper half of the 
pulvinus. 

In advance of the experiment, the cutting operation of the lower half of the 
pulvinus was made in the same manner as in the case of operating on the upper 
half of the pulvinus. In this case, however, when the lower half of the pulvinus 
was cut off, the leaf bent downward intensely owing to the tissue tension of the 
remaining upper half of pulvinus and it could come back again no more. Then, the 
leaf was inverted by bending the stem which attached this leaf so far as its petiole 
became to level, as there was no other suitable method to bring the petiole to level. 
In this position, the plant was fixed to the stand with crumps. Accordingly, this 
time, the remaining upper half of pulvinus came to the lower side. So the position 
of the upper half of pulvinus became to the same as the case of the lower of 
pulvinus in the normal position of the leaf. Consequently the relationship between 
the movement direction of the leaf and the contraction of the pulvinus also became 
to the same as the case of the leaf having only the lower half of pulvinus. 


“1 min 
Fig. 3. Curve showing the movement of a leaf having only 
the upper half of the pulvinus. 


Fig. 3 shows a typical curve of the irritable movement of an inverted leaf hav- 
ing only the upper half of the pulvinus. This curve is similar to that obtained by 
the leaf which is not inverted and have only the lower half of pulvinus, as shown in 
Fig. 2. The upward course of the curves in the figures indicates the downward 
movement of the leaf in the experimental positions and consequently it points out 
the contraction in the remaining half which is an upper side of the pulvinus thus 
situated. The mode of movement, therefore, of the leaf having only the upper half 
of the pulvinus was just like that of the leaf having only the lower half of the 
pulvinus. 

From these experiments, there is no doubt that irritability exists even in the 
upper half of the pulvinus, as well as in the lower half. Consequently the hypothesis 
that only the lower half of the pulvinus is sensitive should be discarded. 

Notwithstanding that current opinion favors the hypothesis that only the lower half 
of the pulvinus is sensitive, there were several observation suggesting the presence 
of irritability of the upper half of pulvinus. For instance, Bert®) observed that the 
Mimosa leaf from which the lower half of pulvinus was cut away moved about 5° 
upon stimulation. Lutz®) concluded that the diminution in volume of pulvinus cell 
occurred not only in the lower half but also in the upper half of pulvinus. Unfortu- 
nately these noteworthy findings have been left without any particular attention 


being paied by others up to now. 
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Summary 


Regarding the mechanism of the seismonastic movement in Mimosa leaf, the 
hypothesis that only the lower half of the pulvinus is sensitive, has been widely 
accepted as an established theory thus far. Then, the existence of irritability of the 
upper half of the pulvinus was re-examined precisely using newly devised apparatus 
with optical lever system. As the results of experiments, it was clarified that the 
upper half of the pulvinus has irritability (contractibility) as well as the lower half. 


A series of this research was conducted at the Botanical Institute of Tokyo 
University of Literature and Science (present Tokyo University of Education) under 
the cordial guidance of Professors Masuta Matsubara and Gihei Yamaha. The writer 
wishes to express his deepest gratitude to them and also to Professor Tomoo Miwa 
who gave kind criticism to this study. 
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The Effect of Cobalt on the Growth of Pollen II 
Differential Acquisition of Cobalt-60 in the Style of 
Lilium longiflorum 


by Yoshio YAMADA* 


Received April 27, 1960 


It has been shown in a previous paper!) that cobalt, given as sulphate, increases 
the rate of oxygen uptake of pollen grains and promotes the germination and growth 
of pollen of Lilium longiflorum. It has also been shown that cobalt can prevent the 
inhibitory effect of ethylenediamine tetraacetate and 8-hydroxyquinoline on the 
germination and growth of pollen, and suggested that this metallic ion may be, at 
least in L. longiflorum, an essential trace element. 

In continuation of this work, the present experiments were designed to examine, 
by the use of radio-active cobalt (Co), the distribution of cobalt in various floral 
tissues of L. longiflorum at various stages in flower development and to know 
whether the pistil differs from the other floral tissues in the acquisition or utilization 
of cobalt. 


Material and Method 


Material: <A differential acquisition of Co*’ in various parts of flower was studied 
with Lilium longiflorum at various stages of flower development. When the flower 
buds grow up to the size desired, the stems after being severed from the roots, were 
placed in a vessel with 200m/. of well-water containing carrier-free Co®® as CoClh. 
In each culture inorganic Co was given at an activity 3.83x10°~4.10x10° counts/ 
m/./min., under the standard counting conditions. The amounts of Co given to the 
experimental plants in this work did not affect their growth rate. After 4 days’ 
cultivation, samples of plants were taken for radio-assays for cobalt and the amounts 
of radio-isotopes remaining in the solution were determined. In the present study, 
flower buds of equal length were used as far as possible in order to eliminate indivi- 
dual differences in the physiological state. All experiments have been carried out in 
July and August, 1959. 

Preparation of Samples: In each experiment the flower buds of seven plants 
were pooled. The tissues used for measurement were stigma, style, ovary, pollen 
grains (or anther), filament and perianth. Stem and leaf were also used as control 
material. Immediately after weighing, small pieces of each tissue, except the pollen 
grains, weighing about 1g. were homogenized in deionized water to make a 4 mi. 
suspension. Each suspension was taken into a small polyethylene tube in order to 
determine its radio-activity. 

Assay of Radio-activity: Radio-activity was measured using a well-type scintil- 
lation counter. The same scintillation counter was used throughout the present 
experiments and no significant changes of sensitivity were noted during the experi- 
mental period. All counts were corrected for background and radio-activity decay. 
All values were expressed in counts per minute per gram tissue (fresh weight). 


* Biological Institute, Faculty of Liberal Art and Education, Gunma University, Maebashi 
Japan. 


418 Bot. Mag. Tokyo Vol. 73 


Results 


Each experiment was repeated twice. Similar trends were observed in the dupli- 
cate experiments, but the measured values of the actual acquisition of Ce in certain 
tissues, i. e. leaf and perianth, showed slight variations. These variations are pro- 
bably due partly to the difference in the rate of absorption and partly to the difference 
in total weight of plants. The general physiological state of the plants might also 
affected the results obtained. 

Experiment 1. Studies with the young flower buds. 

After administration of Co for 4 days, the various parts of the flower, from a 
bud 7cm. in length, were taken for radio-assays for cobalt. The distribution of the 
isotope is shown in Fig. 1 and the data reveal that cobalt is widely distributed 
throughout the plant tissues, except for the anther. In young flower buds, the stigma 


Fig. 1. Concentration of administered 
Co® in various tissues of the young flower 
bud. 


Counts per minute per gram 
tissue (Fresh weight) 


and perianth contained higher concentrations of cobalt, whereas the style, ovary and 
filament contained this element at lower and almost constant concentration. It is 
interesting that the anther including pollen grains does not concentrate Co to any 
appreciable extent in young flower buds. The concentration of cobalt in the stigma 
was about 2 times greater than that in the leaf and stem. Apparently there was a 
marked acquisition of this element in the stigma of young flower buds. 

Experiment 2. Studies with the mature flower buds. 

After administration of Co, the floral tissues, from a bud 15cm. in length and 
about 3 days before anthesis, were taken for radio-assays for cobalt. The results 
are reported in Fig. 2. In the mature flower buds, there was a marked acquisition 
of Co in the two major conducting tissues, stigma and style, and to a lesser extent, 
in the ovary, anther, filament and perianth. The latters showed the same degree of 
acquisition. However, a significant increase in the Co” acquisition in the anther 
including pollen grains was noted in mature flower buds. The concentration of Co®% 
_ in the stigma and style was 10 to 20 times greater than that in the leaf and stem. 
The very high concentration of Co” in the style was only comparable with that in 
the stigma. Comparing these figures with the data mentioned in Exp. 1, it will be 
found that cobalt concentrates in the style to a greater extent in mature flower buds 
than in young ones. 

Experiment 3. Studies with the open flowers. 

After administration of Co, the open flowers of which anthers had already 
dehisced were taken for radio-assays for cobalt. Results are shown in Fig. 3. The 
most marked acquisition was observed in the style, stigma, perianth and ovary; the 
least activity was found in the filament and pollen grains. Only very small amounts 
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Fig. 2. Concentration of administered Co Fig. 3. Concentration of administered Co® 
in various tissues of the mature flower bud. in various tissues of the open flower. 


of Co® were detected in the pollen grains. The stigma of open flowers showed 
much lower concentration of Co® than mature flower buds. Excepting the style and 
perianth, such a decline in the distribution of Co®® was observed in other tissues 
which is concomitant with the development of floral tissues. The concentration of 
this element in the style was about 1.5 times that in the next highest tissue (the 
stigma) and about 6 times that in the leaf. Thus, the Co acquisition in the style 
remained almost unchanged in open flowers. 


Discussion 


The ability of certain plants to accumulate relatively large quantities of cobalt 
in their tissues has been reported by several workers® **). Such an accumulation of 
cobalt in plant tissues has been of particular concern to agronomists because of the 
immense economic implications. However, very little information has so far been 
available concerning the acquisition of cobalt in various floral tissues. In the present 
study, the fate of radio-active cobalt in various floral tissues of Lilium longiflorum, 
from flower buds of various lengths, has been studied as a guide to the actual dis- 
tribution of this element in tissues. 

From the data obtained, it has been found that high concentration of Co®® 
accumulated in both stigma and style, but the degree of acquisition of this element 
in these two tissues was strikingly varied to the aging of flower. Thus, in young 
flower buds there was a marked acquisition of radio-active cobalt in the stigma, and 
to a lesser extent, in the style. However, the concentration of Co in the style and 
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other parts of the flower, ovary and filament, was similar to that in the leaf and 
stem. Moreover, Co® was not concentrated in the anther including pollen grains to 
any appreciable extent in young flower buds. In the case of mature flower buds, 
there was a significant increase in the Co acquisition of the style. It was found 
that the highest concentration of Co*? accumulated in both stigma and style, and 
that the acquisition of Co was restricted about to two tissues. The reason for the 
differential acquisition of this element in the tissues is not known, but this fact may 
be connected in some way with the aging of the tissues. In the present experiment, 
the ovary, anther, filament and perianth showed the same degree of acquisition. 
The acquisition of Co’ in both leaf and stem was less significant than that in any 
other floral tissues. The changes in the Co” acquisition during the flower develop- 
ment, however, were also observed in the anther. In the anther including pollen 
grains, the acquisition of Co” was of a higher level in the mature flower bud than 
that in the young one. As differentiating of the flower bud, there occurred apparently 
a differential acquisition of Co in the style. In the case of open flowers of which 
the anthers had already dehisced, there was a higher acquisition in the style, a high 
in the stigma and perianth, and a low in the ovary. To emphasize the significance 
of the data, the ratio of the concentration of Co in the floral tissues to that in the 
leaf has been calculated. The ratio was 4 in the stigma, while 6.2 in the style. In 
other floral tissues, except the perianth, it never amounted to more than 2. Though 
Co was not greatly concentrated in the pollen grains and filament, a considerable 
quantity was found in the ovary. An acquisition of Co® in the perianth did not 
appear to be important, as the amount of this element in the perianth was almost 
proportional to the development of flower bud. 

From these observations, it may be concluded that one of the characteristics of 
style of the open flowers is its highly differential acquisition of the Co", although it 
is not possible as yet to exclude the possible acquisition of other radio-active isotopes 
in the tissue. It is difficult at the present time to know what factor or factors are 
responsible for this difference between the style and other floral tissues. However, 
the concentration of Co®® in the style is high enough to suggest that this element 
might play a significant rdle in the physiological function of this tissue. Whether 
this differential acquisition of the Co® in the style is related to a specific function of 
the style or cobalt exists in a certain component of the tissue would become clear 
only after future investigation into its rdle in the stylar metabolism, and further 
experiments designed to approach these points are in progress. 


Summary 


The fate of radio-active cobalt (Co®) in various floral tissues of Lilium longiflorum, 
from flower buds of various lengths, has been studied as a guide to the actual dis- 
tribution of this element in tissues. As differentiating of the flower bud, there was 
a significant increase in the degree of acquisition of Co™ in the style. It was 
demonstrated that this radio-active isotope of the element is markedly concentrated 
in the style of open flower of which the anthers had already dehisced. This acquisi- 
tion of Co® in the style is high enough to suggest that this element might play a 
significant rdle in the physiological function of this tissue. 


_The writer is indebted to Dr. K. Imai, Institute of Endocrinology, Gunma 
University, and Dr. H. Suzuki, Tokyo University of Education, for their invaluable 
advice and criticism. 


October, 1960 YAMADA, Y. 


421 

References 
1) Yamada, Y., Bot. Mag. Tokyo 71: 319 (1958). 2) Beeson, K. C., Gray, L., and Adams, 
M. B., Jour. Amer. Soc. Agron. 39: 356 (1947). 3) ——,; Lazar, V. A., and Boyce, S. G., 


Ecol. 36: 155 (1955). 4) Yamagata, N., and Murakami, Y., Nature 181: 1808 (1958). 


ffi z 


WR 8B: FEM OAR CR EIS PSN LOMR IL Fy HY 
+) OFFER MMIC LS Co? OFF BAL DO CAMOWTC 


FoR (Lilium longylorum) D7EDAMRITELET S a HODMEFWTSEDIZ, BO 
FEA MBIT SHE MRIZTES CoO? OL OXORELONK. BOVMET SITOh, FERRITES Co” O 
tVEAOMEBLABMICH MM Lie. RICH LIC TED TER IS HLO MMIC SON, VOSUSLSBRBEO 
Co? EHC. FEMICBIF STOOL 5 fe CoM ORY L b CAAMMADEMHIAABIZKIL, BEG 
CaN b SBE CRA IL TEOLPBESNS. (AEAPEREREMEAS) 


Bot. Mag. Tokyo 73 : 422-426 (October 25, 1960) 


Nv AOA LM DHA Lb OFT 
He 6 Ti JI AB RE 


K Wei 


Hiromu OHASHI, 


and Ikuo ICHIKAWA: 


LBLIST BS’ 


On the Effect of Vernalization 


on the Development and the Content of Essential Oil of 
Pepermint-plant. 


1960 <2 3 A 3 Hae 


GEXH-> » A Mentha arvensis L. var. piperas- 
cens Holmes D#{tMHMIcAA LCi € fedotrte 
Hilti adic birwkb 5} ChS. Ficdbli, >» A 
BRWAWADE digoteim Ee CUE L, heen 
Pha a ele evel ZrALT, 2, 3 OF 
BRAIKOC, COICMETS. CORRE 1958 4 

CRIA BR Geib) sve Cis creo 


Le tals 
~ 7 A OBIE | 


, AAG (LEE), RHEE, 


a 1 [xl 


= PMH - UA ae IB Wy Ace ee ES ac a Ai fi 30, 


fRE, FER) UMS. BHLEV5HSO 
HARHEC, Chik ll ALA~12 AP A@ic, WE 
SeMBICMAITSHECHS. Lot, >7 AO 
AALICMIGTSAREM CL, WPELESV 7. HA 
ima lS RE Ch O- 
L[IOMFBIZ, EDL oRIED 0 OW FS 6008 
(%, #7 0.5cm; #& 10~45cem; #9 200 A) & 
Lobe. CHEMBPOMRESRBCRBDI, 
DRI YORCODA, SFWRVSFUVHR 
OPICBSHDi. SHICMBPICL FL SMPEE 


A, 20° MUFB; B, 13° AFR; 
C, 6° MF; D, O° ME; 
E, FR. 

“FORE E 0 Feit MERIT 
MS U< HORE LOT. 


1b MT RF O th PE OR FB 


GEANIs K OF RHE OD AMLMLEE HS 9 HR). 


aK mye A 
TIS KAS EFA FA Institute of Pharmacognosy, Faculty of Pharmacy, Nagasaki 


University, Nagasaki, Japan. 


Ets Falk ay rts FA HER GEE PTT ah 


Japan. 


38 Service Section, Nagasaki Municipal Health Center, Nagasaki, 


October, 1960 


OHASHI, H., et al. 


423 


12, 43°14) 15 


94, 10 il 


as 2 fx 


16617 +18 +19 20 21.22 28 


1 4H 
Fells THD Ase, FIA, Be Sell 


(Felli HEPES RA) 


DOARMRE LO SRSLL RC, MW PHICA BK 
eA LC HER GAVE. 

FALE 20° (20.2 + 0.0°), 13° (12.9 + 0.2°), 
6° (5.6 +0.7°), EU 0° (0.04 0.8°) CG, MEE 
ARETE DSSS SL BERIT eS 7H, 15 A 
(158 H~23 BH) MBL. 

MED iL SOM PHEORMIL, Prt CU 
BEL ichh PRIS L, FOR Stk 20° ME TIL 
13° MEEGik 2~3em Keo LT Ea, 
6° WEE, O° MUFF, te LUKIORHLAL DSN 
tedrote (61). 

Mk, BIC EL DCHOTHVKEOELDS 
Wit. BEOBDI, COMORMTHORIME A 2 
Mic dlF te. 

KaAIis, AEM TBBRO1 A 23 Alc, Af 
60cm CG, IF I AHOOICBC or. ALK, 
la dro OMEN 70kg, FH 23kg, RANK 1.5 
kg, (bn) O0.8kg FHECLK. 

5, PRIM 15cm [cfRig |e. 


3~6cm, 


= OE 20° 


YUBA OE < (LO MFRS KAA Cis, (2 1FSERE 
40~50 REPRESSES LDCR. Lael 20° m 
PRILFEP RASS < Tedrork Oe (ik), 25 HER 
SELARICTST, FORMS May G 15cm YE 
eso ECARBw. 


if R 


1. % 

20° WUE IS kU 13° MEE ORE, Pred oeOM 
Ritbbbnhre Ald, fhOMEB, WHICH LTIAS 
Obie. ECADBMBK OF FRILL KY 
WFALh MARE OIE RL, & < 1c 20° MBBIZIsV>T 
ob CSLA oO G1). 

Tl. HAO (HR 
PMEMBERICIs LET BBE LEKHIC, SAF 
ADb8& APAicatc, M10 AeXicHt 9H 
KewWe L, Fhe RD GA3M). 

20° MPRILFEAFOUEHES NICE DPHSF, & 
DEDBKOPRILDKEeCHS<, tale fho mW 


Rm FF 


Ah iB 20° Fe 13° SuEB 6° WEB O° WEB xt RR 
ye te fh A. A I, 26 I, 26 I, 26 I, 26 11, )26 
Wie A A+ |M, 3.742.189, 4.5+0.96M, 7.4+ 0.82), 8.24 0.77) M, 7.94 0.6 
A (2 # BR 4, 2#* 3.4** 0.5 —0.3 
se o3e ow oA: A I, 18 II, 20 Mm, 19 IM, 20 lM, 19 
ss F RB 44 163 170 171 217 
al ie BR 20 75 78 79 100 


FeteGe, Weed CBFEALCA; PSSA, CHENOFDES LC AO PSAs FEM, FAFA 
ERC LIA; ™* RIC LER 1% CHARS Y. 
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PROM DEVE LO Le. THITHLT, 
13° MEE, 6° MEBILORITMAR KE DV< SAV 
2 LD Lie. 0° MBI L Ddbbisdok. 

Mm. BA 7E 
FELDSBATEIRABIT Bs LET MRL 2 RICAN 
HL, MPBKE & RETR ASS 0, LBB Lin BE 
DE <wrSICL bie, BATEDIAS E SAAS 
bite. &<it, 20° LO 13° MHBOBRAEIL ATI 
ag) pees enter 

IV. #IVBE LO 2, 3 OFFA 

9A 4 AICS MUEE, WINE & AICI LL 
eS, Hk, EHOMM, WLM, BBe MAL 
we (43 R). 

20° MEEBO (13° MB, 6° MERIT L ChE 
eR 5%, SRI LUCK 10% CHRD), 
Sic, Hh_L ED BAZ, HE RBI (RY e LO Le. 
{LOSUE, SIRMICARBALDOHeVW. 
V. Www LOAY b-VEeEe 

PMCD AAR O Sie? Allis LIETHBE SE 
SAT SEDC, HHO (>> Ah) BHIs 
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50 


30 20°C Meee 
13°C (LEB 
6°C MLE 
O°C MLBB 
pons 


20 


10 20 1 10 20 1 10 
6H 7H 8A 


B3R HO WR 


20g 1 
5A 


2 bE 
Mu ig 20° MEH 13° UHH 6° SLE 0° WUEB xt FR 
bl 7E fa AH VI, 26 VI, 25 VI, 28 VI, 28 VI, 25 
WISER AeA VM, 3.94 3.55/V, 4.84 2.44 VI, 6.24 2.69, 11.443.17, VI, 8.44 2.91 
Fl f2 #2 H 4.5* 3.6* 2.2 —3.0 
ba 7E i =A VI, 24 VI, 28 VI, 30 VI, 28 VI, 27 


BAfcha, hae CRATER AA; FSBAEA, SRRASBATE LR AOS H; BATE, SPRBATE Lic B; 


* SARIC Te LAIR 5% CHRD dD. 


3H MNES LU 2, 3 OF RMR (95 4 BR) 


MM iE 20° SUE 13° LEB 6° MUEE O° UEH xt AR 
x «+ cm 90+ 5.2 98 + 3.4 98 + 3.8 94 + 3.0 95 + 3.0 
Sf se 35 + 1.5** 40+1.2 39 + 079 39 + 1.0 39 + 0.7 
th LED BRC HE g 46 + 7.3** 64 + 8.5 66 + 9.2 60 + 8.0 58 + 6.7 
# RM & Bg | 10.64+1.67**| 17.34 2.38 17.6 + 2.84 16.3 + 2.34 15.5 F 1.75 


OE TPRIT FEV LIRR 1% CHEHED 5. 


LOH HO 2 v b — 7 (I-menthol) Be EL 
Te. 

EHORMUWAROEEICI, ARRRHHEOR 
ema (CH ILE)*) &&b Vs, 1c 40.0gn 


ABERRL, thEh3IMSCERBLE. CON 
FMLILARCZ NEO, COMPICHH0.9 Fas 
CHES SH Lic’). HORS HI, WUE 
REDS < kSlICL deo CHM S. WROSHI 
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o4H Mihb LOAY bX Ee 

Bull EE 20° SUEB 13° WEB 6° WUE O° WEE xy AR 
32 h RS YH & HB %| 4.7040.378**| 4.36 + 0.172 | 4.13 + 0.168 | 3.99 + 0.490*| 4.26 + 0.202 
lal Ie aK 110 102 97 94 100 
Rehr Av bee 79.97 80.93 81.63 81.68 81.57 
iit fae 4 98 99 100 100 100 
HAY bree % 3.76 3.53 3.37 3.26 3.47 
lal lise SK 108 102 97 94. 100 


OE APARIT To U LER 1%, * Ist U< 5% CHRD Dd. 


(1E 13° MBIZOL LV. 

MH POAY b- SHORES, WYORIEL 
VEGI, AKARSARIT E OB BIH, Bik Lith 
Bbw, BKB) (CL otc trot. ye 
DAY b-XSRBOBEELALES, DTA 
PU MMUEBIC FSV CHE F Lic. BORD, HHO xv 
bh— Gels, PHS RO BILICMIG L, QUEER EE 
WRAL HINT SAABASHS 4 #). 


z bad 


iim (20°, 13°) MBit SRO (Rl, F 
{EIZL YO, CHE OW PSAMA HITT ClCH L 
TWwHOELYD, HROKRCHSE LEZ SHS. 
PHEITL G7 5 FER PORAILE < bods bievy 
Gres, (1) HHRELOBLAL DoE HeEWA 
(1B), MERA ARB PheEe LITE 
Sip PORE, (2) & < 1c 20° MEAHSAroFe 
Ors, in CSCS L<S RK HORE, BlT*K 
HAO (Kim F OMPBICH At bre c LITLSEO CE 
Tew Pk Mbns. >» AOWMPK, Smo? 
(80%) BAL TISO, BHORMHMICHVCH 
RoR Lfehth PSE RHE IS 6 L FERRO PT SCE 
BLONC»4S!). 

20° 3s LU 13° MEBIZIsV>T, BATED(RHEMA L 
BNC OLE ED), > y AlE 13°~20° Few, & 
HULOBLGC, € OULEFER Bly (vernalization 
phase)’) iT OSLAZbNS. 

Crocker and Carton’)IZ LSL, fKEXMM DIS 
0°~10°, ME X HEM Mls 20°~30° Ofer, CO 
Pee OWT SVU TCERL, Bic DOME Ids 
OCS, BIZARRE bn, WAI 0°~10°, 
(RAIL 15°~35° ERTS. 

LCA, >> ALM PEAKE MAIC HA 


Mitbh, CORSKLOTSL, KESHMDCH 
SLEAZCNEAM, ECA RMO MBIA LT 
FE SHMMO LA RAMEERL, TKOMAS 
TEL, FR LCBMRE LOT. MORE, 
TDR E HAAS eo RIT E OATS EO, 
FEA IC SW UCERT SRSA (i < ICE, 
HA) EORETAS CHELFZ SNS. Dd 
SMR LOTSL, TKS Lb > AMEE 
Bibs OFGIT AVY CH PERL, ty LARES 
HH Cho LTSEORE4CHSELMDNS. > 

YAIBWC, DRSOABOACEMA, —KO 
PRE S PENA MILK A NOL, KEDICHAE 
BHAA LC, FESFLILMDABML, SORE eR 
ii LIRA BAT SAS, FEICHAI bh » AO 
Hh PSL RE CHS Lie < TC, COR, HPI 
ARIAS 0, TREE A BSE HET Lied diz 
LELBLSHS. 

FULITL UMA BZROBLBALDOHEA, & 
DES TRA, 1) HLICLOBAOB LITER 
7s 5 AESHBME, (2) HELO BHR, KSEE 
B2bnS. 

>» AHO ibis L OHO 2 vb —7e 
@inll, £b(CR LARC S 0, KART 
Tice hteo CH MTScCLMBLBOh Ti» 559) 
(727d LIN SILER OATMT > < SANK E SS). 

ACOH Sats L OIC is LIST WREAK L 
CHASE, MIGROR(LIL, MHICLSBAOR 
{CRRBL LS -RKUCHK YO, BAAS SNSH 
MBSE BV. LOAD, BRO AY b-—ne 
Bite LA EB(EE<, O22 CR TALS ORF 
Ft SAAT bSALDS HHS. 

CHOOCLED, PEICKSMAOB{EI, (1) 
OPBKD, tl, 2) ORAlCLY, MEE 
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OEM MRIt, LOKK< KMSHKRACL 
WALES HHS. tek, COMMCHATSOBR 
LEB 6 MIT << DLV. 


z #) 


~» ADM FE EM 20°, 13°, 6°, 0° 04 Rb 
OME, Chen 15 ARM Le. WHRELT 
tt, COMAHICTHD CHV REDE LEW. 
1. 20° WisH, 13° MIBORHIS oe, WRK 
DLP Ec. Lael, MILE BCR OLMEDO 
SERIE EL, & < ic 20° MEE CLV SUS LAO 
1G 

2. 20° 3s kU 13° MPBORATEISMIR EK OIL E 
aie. Eo, >» Aly 18°~20° FevrLenWk 
Oy ht Cit ESE BLE HL, ARES MOMMC 
HOELFLSbHNS. 
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3. 20° MEL, HOA ST, COROLERG 
AAC, IROL, WE, BMS EPL 
fe. ALOMLEB, WHBRTIT ISX bABILALBDS 
TUE Use 

4, EH ORVAS ISM PEE DS < 7s BIT LS 
feo CHIN Lic. KAO RIS ISIE 13° MBITOL 
Lu. BHO? y br Sete EA ERIE LE 
VW. CHEOBL, EL CMEBUMEORRAAR 
ZHEF< LFLSHNG. 


AMP IC die DMR eee RAL AS 

sv, S fe SeIE—PR MAG ITIRMIT O. AY 
b LOGE DAS Bre SRE 7c PEW Tea 
WAZA AMA RICE UCRMTS. Eke 
Recep e Bul $s Creo CK RS CK RMAF 
Sib BIE Rica s o. 


ak 


1) FHL EXE) ATES, TOR, BE HOMIRAOB, HOR, 186 (1953). 2) 


58 6 Sue AAS yk, HRA, 1173 (1959). 3) 


(ANAS MDALBE 4: 62 (1954). 


PatA nsx No. 3.(123) : 427 (1960). 8 
He tf + THIARME, 4E#} 11: 38 (1559). 


=CRK + APR EEHA, -LIP EE 12 : 376 (1938). 
10) Ate + THIIVARHE, HEHE 73 : 239 (1960). 


Hiis3e—, Afri 11: 147 (1939). 4) taki, 


5) Lysenko, T.D., Agrobiology, Moscow, (1953). 6) 
Crocker,W., and Barton, L. V., Physiology of Seeds, Waltham, 205 (1957). 


7) Kii #, 7 
9X 


Summary 


Rhizomes of pepermint-plant (Mentha! arvensis L. var. piperascens Holmes) were ver- 


nalized at four temperatures, 20°, 13°, 6° and 0°, for 15 days. 


The rhizomes buried in the 


ground during the period of temperature treatment were used as control. 
(1) The 20° and 13° treated groups sprouted earlier than those of the other treatments 


and the control. 
especially in the case of 20°. 


But the sprouting rate of the vernalized groups was lower than the control, 


(2) The flowering season was investigated to clarify the effect of the vernalization 


upon the development. 
the control. 
ering season to the control. 


The 20° and 13° treated groups flowered about 4 days earlier than 
The 6° and 0° treated ones, however, showed no significant difference in flow- 


Therefore the pepermint-plant seems to pass through its ver- 
nalization phase at comparatively high temperature, at least from 13° to 20°. 


The pepermint- 


plant is presumed to be rather a spring form in spite of the rhizomes of this plant being 
planted in late autumn to early winter for its propagation. 

(3) There were no significant differences between the treated groups (except 20° treated 
one) and the control in the height of plant, weight of stem and leaf, and leaf crop at the 
harvest time. The 20° treated group showed minimum growth. 

(4) The average content of essential oil in leaves increased in proportion to the rise 


of temperature of treatment, and the content of the control was equal to that of the 15° 
treated group. It is conceivable that this variation was produced mainly by the direct effect 
of temperatures of treatment. The relative content of menthol in essential oil did not show 
any significant difference among the treated groups and control. 
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Physiological Chemistry 


of Acorus gramineus Soland. V. Studies on 
Amino Acids and Sugar Components. 
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eeYa VILDRROWE, ANGIE Se 
SEELA Cd > CIR < KERUITRIBS CW SD, PET 
mph, ARITBV>. 

ED RATT OVS COMPELS < 7e<, AAT) DHE 
3 CIARA LL, SS VIB, TRY (4-7 
AN=N-1,2,5-b VX b¥Y NYY) BLOKE 
D7 = 7 —-NMEDRERE LEICT EE. 

FAL, CHE CHBLAMICE BH ORD 
Hb~AICL, EEN 28 —- A-FYav7uawh 
F774 (HP P.P.C. Lm) (CLo CME 
aL CX fe. AiR) ICs. CKWICZ ROR RIER 
IMEMOTFET SE LETEDOEAM, COMBORM 
FER LOT 2 SBOMBEITOW CRA SO. 


Dil 


zk R O Hp 


TARO pe 

PMR AV)BAICAET Surya 7k 245 
HORE LT, HPREOAE AV. 

RUMAH Ske ick 61 EMA, EXESM 
oP LIkBb— ARE Lich, HEPERHHIL, Pewee 
FE OTIC LEE LC fe 100 eis re. CHIC 
Here 200g aA L 80° C15 PRT 7 > — TA 
s+} RITTER OG) eR CS EHIME 
WeicS. WMIT v-<—F74 } IR-120 (R-H #) 
Ic CHEE, ¥ fe IRA-400 (R-OH #) IC-CMEEH 
LL, PRE PEMDE Le. 


* Biological Institute, Faculty of Education, 
Shizuoka University, Shizuoka, Japan. fii] 
FRAPS REDTAE 


TE IR VERRA © SHE 

A FARF¥#Y OF 

7TY2~—F74 » IR-120 (5cmx40cm, 3cm x30 
cm & A WMICO7e C) CHES Hee MAE 0.15N 7 
YE=7 IC CBHAH L 50ml O77 7VYa vite 
RL. B7IV7Y ave P.P.C. OCRHLES 
FIL GE A~5 FRO T 2 J PRDIRTEL, 4 ay ete 
JRPZRAFAT7 4 &EVUCOMRE EVO CLT FZ 
YavYeSGUCHEIRM L, —BOKRICBIET HE 
MimbOMHTS. SAOBRMSEVARL, KEY 3M 
Fiiain ds 7248 RD Kinet eS. P.P.C. 
IDLY Te asHKO RAD DSO, SHC 3 
Fifaih & eae ST. m.p. 225°, 7kicHeA, =—-7 
ve, Ta-NiCNS, Eao-vy PRIGBE, Be 
eRe T APS 7 AY EXTRA LC PLP... etic ore 
DER ee WDiedsor. 

DBT aR 

BH C 32.03, H 6.68, N 18.73% 

C,HgO;N2-H,O 2 LC ORRIHTE 

C 32.00, H 6.71, N 18.66% 

arin 2 RAYS CARS HUE LO5~110° “Ce ThA 
ekoe, ANH LS. 

B et B—-AAFAZATHFIT4G 
TARDY AHERN IT IE ee 38568 1 Mica 
SFKLICOMOT I /MEDIRET S URBA, 1k 
jas FR 7-— 7 PBK = 4: 1: 5, 2eeoc: 7= 
JM fyN 7TYE=7 =9: 1%). Ay bid 
Pub MIS LM IE CINE LIEW BY YOAIL£A 
dats kOFSHIALIE & DHE Lie. 

altura —A 1008, FRI — Ww /MERE/ Tk (4: 
1: 5) & uy CMA Bic LO eM Le 3cmx60cm 
DAFA, RR Sml eMC EME LC HpsIT HE 
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Ye 48-11-62 


JeJ—-w VvYE=7 


LAY RAY Zee Oe ane? 
mie 4, Zavy 45, EK a7 6; 
75ay 7, 7Vvy 8, Ge FN ae Se 
WM 9, TARIH#Y 

1M 7s 7BOLKT PAP.G. 


AL, —RICEAOBRAL, WHKe 10ml 55 
IR Licks Bish 2 MOW 9 Chok. 

FIPV aVABHIACIRBD bo niewoKrA 
COROLLA VE FY VITL SB HADYR < HO 
Be 2K LKKRDLAZS. 

M-7I7YaYOAERLCMEIML, Fe 
ees dh Lick§R, B, C,G OB77AIVavetL 
0 EEO fi dh & AE Lic. 

i) 47 Bt vy OS ME 

Ay BMD (VIFYav B~12) RKHHT 
PREUARS TULA EMA Lie. PROT R 
LifBOrA 27 -—NVEMA CUBMERE, S5Hiz 


0.6 B 

-0@0: | 
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sense) — VE MANNE, ABATE RA & 7s 
4. KE 20% Tra-VL YD 3M Beda THs 
m.p. 272~274° OPM cies. TV RT YY 
L BRR LC ORE Pe Selo. 

ii) ) vOpAE 

Ay hCMAOS777Y a YERULCRER 
iL, RIERA 7 ICEL, 3 fF O 7 
a-VEMZ CHAT HI MAKERS 
B. SOIC AARICUELUCHKMDERV ERE, 
80% Fra—-VLY 3 WB Mdae HK VIE m.p. 
295° Leo SY VY LIBR L CG BLM P&Z 
vr. 

iii) 77=Y ORME 

Ay }GMAEMERML, MAR? VICE 
fit LDIRMER CHEAOKR= 27 —V eA Chinn 
LDS. 90% =F/—-NX LY) 2MAMATHIE 
m.p." 289~292°, 7F=v (m.p. 294~295°) & i 
AAS dUX m.p. 291~293° L7eS. 

DEOT = 7 REV THEMRORDLRAST 
ZcEMCHXtewMok. P.P.C. CMH LAR 
LOBE RD ied ote. 


Il 7-7 3 7 MBO MBE 

MEOM RI THSEKBOKRDTCRAMICES 
Tetrote. EO CHRITME 4kg & AVY CHE 
fe % 5K LIB > v 2c ls Lo OVARER & RE 
27D UCHR LEBER, WAM LD 1-7 7 RR 
eaME Lic. IRAPRIAICS ROT VA-Ne MAN 
VESICIBeBRKRL, HRT HIP er OT 


Cr i oe ee) 


G 
“2 @@CCKC Ce Hees B 
-2©2?e@@e@eee0460 


vt 80 


A, AA; B, 4 YRetvy; C, <Yv; D, -72/7RBBs E, FZevy; 
F, 77=Y; G, FTARF¥VY+T7VYY; H, EAFYLYV AF ARGHY 


B2H eve-AAFAPATbAFITAILSAT i BODHI 


October, 1960 
ARFE LOMAS S. EAR LTC & DUE 
LOY AF VFEL, BAB — VICI LCRA 
CRS BUST UTADA S. fidh EVAR L 80 
MF vA-NWSY 4 AAT tS Ae ACR 
ige@.em. pr L9le 
DATE: 
like C 46.03, H 8.80, N 13.53% 
CsHO.N & UCO BBR {H 
C 46.59, H 8.80, N 13.58% 
7 i BB ICHAT S. P.P.C. OFF Ros k UH 
M26 1-7 3 7 WEAR L HERE Lic. 


TV tens aH 

A z~Y=y OWE 

BUR) (CHG LEBER VY a> bCHSETEE 
Wee Lic. Teds, Pe AB CPTI ITC BE 
LCF TciAK 121 & 58° LY FOYE CME MRL 
WRmaY Ay» FLL, fFMO= RI -NEMAT 
LBM Shit, ~yv=» bDeRL eo CHH 
OS. fier 27 -VLOSMBMATHIIEE 
fa, M.p. 165° 2745. AYRES SITE ARI -NE 
DNA. CH th DO OTH & (EDS LEER M BT hist 180.5 
£, HAM EOM 3% ICHAT S. P.P.C. OFHBIS 
MIR Yay bEBRERMOIV. 

i) AFmOWE OLRM PR, YA: 2k) 


At 0.999 1.854 DA opie 
AL — 0.300 , 0.6245, 10.920) 
Si fee 185.6 184.1 182.9, 
se 184.2 
CsHu0g UC ORE 182.9 


a rte FAG 
Ft7KO MERI bY AIS L OMAR CHE RIT 
D7 «FUE Lice, IAI CHRIS 
(RF CA-— DAMS S. MEAL O 5 AA 
Wud m.p. 122° r7e3. 
DBR: 
Seige (34t9)  C 49.585, H 6.125% 
CygHuO1 & UC ORR E 
C 49.0, H 6.10% 
ili) 7Fe2—bODFROKAMPE, YA: 7k) 
ste 0.825, 1.780g, AT = 0.25, 0.65. 
KW Fi 393.1, 392.9, 3244 393.0 
CoH 05(CHsCO); & LC ORRE (IE 392.0 
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iv) FeFNIEO APE 
mA 3.710mg, 1/10N NaOH 7 #4: 3.94 ml, 
TxuF yn 51.93% 

CsHyO6(CHsCO); & UC ORB 54.84% 
VVay b GRE LCR EIR MLC 7 7 2 
— 1 & EX BO BRIT HE Lie. 

B P.P.C. (CLARO RYE 

mss L OAS & ABR CRPEYAE No. 50, 40cm 
x40cm) O — vii k 9 4cm OFF Liz 38cm OLR 
CYRBL, n-7 wR? — 1 /MERB/ de (4: 1: 5) eH 
VC SIRE LAREA Lic. RIS 3 Micmoie 
0ChS. 7ANB-7T =) VRUR MMT Hit RE 
0.44, 0.388 D22DAKy bARMHSH, HR-v 
Yuyy Ck RE 0.45~0.46 ic Ge zr pha fz AR 
y PRBS SNS. FEGAO HEIs LORIE OW 
RAO RK DO, Wae7va-AawlLoewys) — 
ACH), EBBHIETIVF b-ACHSLEZS. 


T; PPE Ts PvVaA—ZA; Il, eee 


7-ASW, FUAb-A; Vi, BF 
#53 ROR P.P.C. 


C Fr3a-AOME 

BOE 2g (CAME 20 ml & Kez NIC BEE L ize 
PRB WN» Wee lC YG FA EO BOG L 3 BFR 
SEITE ULM AERO Fv 3a — ADS. 
m.p. 146° BASEL ALC ORME PERS evo. 
EPR 7 eae FIV VICCHRITLOAGY 
Y RAR L, 60% Tra-—vk bom BatHI 
m.p. 204° £74. 

DBR : 

Sei C 60.16, H 6.19, N 15.65% 
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CigH220.Ny & LC O FR {i 
C 60.32, H 6.19, N 15.63% 

D z~vy/J-AOME 

ste lg (cHeR7 2 are KF 2.2¢, WR 
FRYYA 3.3g HM CHAM L CHET HE 
VV I A-AVzRaNMELFIS VATS. 3 Heel 
OWA L, Wk, Mek se 7 —7v, Mk=—-F CIP 
WUAOE 60% Fra-rkb yo 4 ema Hs 
fe (2 ILIND d SR ATRL ToS. m.p. 185°, D- 
ZY) -AFVEaNEFIYY LLC OMA 
PFemSievr. 


= z 


ey a WEP OMT 2 7 MRO P.P.C. 
MLoCMELEA, WFNS YAZ ACHR 
SUMO T & BCH > CHAE EOL 
LFA oN. 
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zyey bkeGRMHE LCRUEOI, £74 
AF, CV PAEMRBLE NTS. BAF) (CXL 
PFPYOVV = 9 PRROB(MAUMEO PAIK 
ZLOCHSM, MEAANCEZHNITRHMTSH TY 
=» hEBRTSCLASCY, AMBMOVY=» k 
LP MOMEASIRH Chd. e¥yvayvOvv= 
y OMNES ZF Y LARC S~10 Hicad» 
FCB EOBRIC 6 PdbTHAMET ST LD 
Cxipmok. CHAMERHEO Rte LOO 
dy, ECAR MARLO L 5 MIC T SHNGR 
OMRICE WAI LK. ERYY 7 -AODE 
FER MDM, Chit 1 APMICHRELCMABIC 
DWCCH2T, 2 AICHE LCSD CE MER 
LUE». COS LUMMORMIC BIT 5 BEN 
AEM EL LUCOATY 7 — AlLHEBE CHET SB LV 
5 B.S. Mayer’) D¥ZXL—-KT SA, BRROA 
Ct bas Cie. 


fax 


1) RATHEDIEB, 3KEE 46: 380(1925). 2) MEH Mh, MAL AA SIOIER GS No.7 137 (1956). 


3) DARGA + TEKH, #A1E 30: 63 (1956). 


4) Asai, T., Jap. J. Bot. 6: 63 (1932-3), 8: 343 


(1936-7). 5) Mayer, B.S., and Anderson, D.B., Plant Physiol. 34: 372 (1959). 


Summary 


In this study, amino acids and sugars contained in the rhizome of Acorus gramineus 
Soland were investigated by the ion exchange method and cellulose column chromatography. 
1. Asparagine, isoleucine, valine, y-aminobutyric acid and D-glucose were isolated in 


crystalline state from aqueous extracts. 


In addition, the presence of mannose and glucose was confirmed by their derivatives. 
2. Proline, histidine, alanine, glycine, aspartic acid and fructose were detected by pa- 


per chromatography. 


3. _An unidentified substance which had been reported in a preceding paper?) was de- 
termined. as mannitol, and it was found that the mannitol in this plant is a reserve sub- 


stance during winter. 
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Taizo NISHIOKA: Phylogenetic Studies in Iveris dentata Group, 


1. Hybridization between the Alpine and Seashore Plants 
and Some Other Observations. 
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LY, X Ixeris dentata subsp. Kimurana 4X 
® Subsp. alpicola 2X 
4 Subsp. nipponica 2X 
(0) Subsp. Kifayamensis ? 
Oo Tanigowa—ni one 2X 
X,@,0: alpine plant 4: Seashore plan 
>) f ©: found Pat Sous - Ravine sae 


Fig. 1. : 
A. Distribution map of Ixeris dentata group, except the prevailing triploid plants. 
B. “Tanigawa-nigana” and its chromosomes (ca. x 1000). This plant is sometimes 

bimorphic in the shape of stems: It has both upright and procumbent stems. 2n= 
14, 7I 
Addendum 
After sending the manuscript to press, J. dentata subsp. kitayamensis proved 
to be diploid. 
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Fig. 2. Somatic chromosomes of some mem- 
bers of I. dentata group. ca. x 1000. 


A: I. dentata subsp. Kimurana 2n=28. 
B, C, D: I. dentata var. albiflora f. ampli- 
folia 2n = 21 from the different localities 
respectively. E: Newly found triploid al- 
pine plant 2n = 21. F: JI. dentata subsp. 
alpicola 2n=14. G: I. dentata subsp. nip- 
ponica 2n=14. 
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D ri hh ds b (RHIC BH S th SB oD REIT HE RT 
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7g» (Plate 2. A, B). 

BIN CHB BADIA LV HO 2 FAH 
WUCK AR IRAAFERMITHIS SNCWS. fk 
MUN CATE 14 AL, WIAA Cs 7 HAO 2 (MAE 
fKeEO< S. COMIL, FERO 21AKOR LD 
BARAHF Llkdrie OID RO TS 
BH. OE DSABMWLAK<S, HPMOMLKEEC 
DEMISE LL, FARDRVMS Hie. 3 ftk 
DAF HARFO)PHODEDLWORMURRTS. 
= OILY T EITHER KOR OMIT 2H 
H=PFDEHENDESEERT OCHS. COT 
LEAF HDF HWLAAKRABTHO2ZOOPBE 
BbthocLeMRLTWS. Lae LO OMWo 
HELA ARAMA OL >} ic MAM Cid Zev (Fig. 1. 
B). 

AV=a=AF WHEE RE UCbiic. TO 
HiICOVY CIE MAS) IC Eo CHARMS ART 


NISHIOKA, T. 


433 


BE HE Ze E COV CARR Die Sie. 1446 
DPR AMID EK EE BAZ ClE 7 MAO 2 MAE Ce, 
(REO< S. SHDTGREIL ATO MH & SFR EL 
HL As7e OES, SHPRBORIAAEBOC TCH 
WCET S. & 5 Kicks Kvwerd7ev» (Plate 
1P A): 

Acct 1957 42 1958 “ROMEO 5 lc Fteb 
AUTEAS, 1957 ZEILBATERGIIO Pav ds b MI Lindy > 
72. AOACITILGE ROR, OE OVD AA Zea 
IC FEREIZ OV Te EM 2 SY THE CIR LDA DBA YC 
DH ZHSESTRERBAWSHNTWS. 

Hb hrehi Fld 25° OAS CIstahire~ bY 
HORS HEA i Fa Fd bECHERS. 
Ze ALO BEC BATER 2 Siew, MATIX 20° Of 
mA PC 6000 7 AD AEIEKE4S ARH C2 AK 
ECERSHS. BANAOZ7V-ACHLUCHAM 
WeERZS. 

TA AT Ae 81K D BLASTS Hing 2 8 aa 
BERRA 4 VPP LOS LEE CME LES 
DE, WEDD HA ICILE A 7 7 (EEE 
A~ i VHLOS LECMELEbLOECHEHA 
Vote. JEM ORHEILMERB A — 8 Ye faliz LSTEMO 
AARE & HWEORBe Lic. 


wi & 


1. 3 (FAM MORMIZOWT 

3 ATELY O 1 Ch SF = WF OAM IL PEN 
We Lo CH o> CUT 2 fFK & HEE S CH Caf 
MOLDEEOD 3(F Cli 7ev>. (PME S HIZB 
TOL, BAOHDSBESCLHAKL, B/)OK 
iii RFE KL CS. Si CRE LEAF aR 
FOPMRH 2 RIC UCTHS. B/)\oORtatkrs lt 
BAS E < filo TU SDS, CGO RERITIEV < O 
DOMBD SD. WWOLOBM3ZAH > TV.S%O, 3 
Ah SDPO HORE EELOMIABCSELO, 2 
ALATE<, EORVICEN SITAR AKEAO 2 
CIRFED Fev YLaiKB1RHSLOEE CHS. Wt 
AX) (LPL FED 4 O CILIAKO (LY AKL 1 ACh 
SLERMELWS. APBARHEO? E377 C 
tL 4 EK ie OIC AAS 2 A LAMAR S ice. 
COG RAIA) OFF REAR CHS. BITHADS 
DBE Cap SDS 3 (HAS 4 (KIT TST SELB AKO 2 
KIZED MAB RIL DTS OMNO SO CLD 


ie 
paw 
; 


el} 


Bot. Mag. Tokyo 


Vol. 73 


Fig. 3. Somatic chromosomes of “Tanigawa-nigana” (A), I. dentata subsp. nipponica 


(B), 


I. dentata subsp. alpicola (C), 


Newly found triploid alpine plant (D), J. 


dentata var. albiflora f. amplifolia (E, F, G) from the different localities respec- 


tively, and J. dentata subsp. Kimurana (H). 
ca. X 1600. 


mosome and the equivalent one. 


i Mb (Fig. 2. A, B,C,D., Fig. 3. E, F,G, 
H). 
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3. D). 

2. ToL Hi & He & OZR 


HELMED AA Cla Te <, fT AO APRA AEDS 


Talli & Me ORNS A UCU Sak 5 DEMME 
POM SPEDOBAMD MS hie. HUHiwe UC20 


Arrow indicates nucleolar chro- 


DWDOEDRARABDFERaAPIAHFLADAY 
byte. 

a. RARaAHFXAVAaHF 

PATER Th & EV AF RRA 7c 2 CH 
tre MERA tLdoF ds 8 fll Chote. £05 BIE 
LHEOIUE 7 fill, 2 THA TATERLAS I CHE Licked 
OU 5 KE te ote. FAEBATEWNT eo THOS 
MAD 5 % 1M AIL ey MHEOE ECHO. ¥ 
ib UBATE Lite MERRIE 4 A Cho, Hh 
b OFHDPIGREIL AAMT 2 HH AH ITIEV RUG 
HEDVE < Took TC LPEPMOPUMASDALEBO 
EOWPD-C PPT SOLGLIA VA RFOW 
FHRBALD SNS. MALO Hs ADR pk Bit av 
OMIAKCH 14 AC, HO LOBLAALBD SHI 


October, 1960 


WPS, ETE Life 5 MAO 5 2 HR CIS, Yeetho 
MBE DE ore. CORRES, (Rath CH 
BUCALEDSHS. 1HOLRAKO—-FoOe wa 
KK CILIO RS ICBYLEAU, MAO AA CIEE 
D 2K RADA BYE LEO CHS. CHEOBEL 
OF BWA, MAAWORMBickot, CYatk 
ae 

- BAA, LIACE 4M EAE, hota 
i etal 3 (MYL fat? 6 (Ye fk 
BECIED CHS. H2DWWEO FHMITIT EMI 
ALDI. Ld» LAE O BVT Mid THE < 30 
MINE CHS. YAKRHOA LOH tric MR 
TAC, PRIKABAULIE HE Ze D ITER O RAVEILAR < TC 
45% fel Coote. fil, 6 tute MERRIE 
TATHECH  >ie (Fig. 4, Plate 2). 
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Fig. 4. Karyotypes and meiotic figures from 
F,-hybrid of J. dentata subsp. alpicola x 
subsp. nipponica. ca. 1000 

A and B: Aberrant karyotypes, found in 
two different plants respectively. C: Un- 
changed somatic chromosomes, found in the 
other individual. A,B,C: 2n=14. D,E, 
F and G: Meiotic figures (at first anaphase) 
in the plant having the karyotypes A and 
B, respectively. H: Normal meiotic figure 
in the individual having the karyotype C) 

D,E: 11V+50, F: 1M+50+11, G: 
1viI+40, H: 70 (Normal pairing). 
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Summary 


Some miscellaneous observations in the phylogenetic study of the Ixeris dentata group 


are preliminarily reported. 


The Ixeris dentata group implies I. dentata and its subspecies or varieties, and the 


members of this group have the basic chromosome number seven. 


It has been reported that 


the sexual diploid plants are only found at the alpine and the seashore regions, the apomic- 
tic tetraploids are alpine in habitat, while the apomictic triploids are widely distributed from 


low lands up to low mountains in Japan. 


1) I. dentata var. albiflora f. amplifolia, one of the triploid members, has different 


karyotypes according to different localities. 
members. 


This seems to apply also to the other triploid 


2) A new type of diploid alpine plant was first found at Mt. Tanigawa. This plant is 


Plate 1. 


A, B: I. dentata subsp. nipponica. C, D: “Tanigawa-nigana” x I. dentata subsp, 
nipponica. E. F: “Tanigawa-nigana”. 
A, C, E----Side view; B, D, F--:-Top view. 


Plate 2. 


A, B: I. dentata subsp. alpicola. C, D: I. dentata subsp 


nipponica. 


. alpicola x subsp. 
A, C----Side view; 


B, D----Top view. 
Meiotic and mitotic chromosomes of the above mentioned hybrid (cf. Fig. 4). 


E, F, G, H, I: Chromosomes from the individual having aberrant karyotype. J, 
K: Chromosomes from the individual having normal karyotype. 
Arrow indicates nucleolar chromosome. ca. x 1600 


October, 1960 NISHIOKA, T. 437 


temporarily named “Tanigawa-nigana” in this paper. 
A triploid plant which resembles the usual tetraploid alpine plant, was found in the 
South Alps of Japan. 


3) The crossing between the alpine plant and the seashore one which are geographically 
isolated each other, was undertaken. 

As the alpine parent, J. dentata subsp. alpicola and the above mentioned “Tanigawa- 
nigana”, and as the seashore parent, J. dentata subsp. nipponica were used. The F,-hy- 
brid of “ Tanigawa-nigana” x I. dentata subsp. nipponica was easily obtained. It was fer- 
tile and its external morphology showed the intermediate characters between those of parents. 
But F,-hydrid of I. dentata subsp. alpicola x subsp. nipponica was hardly produced, and 
when obtained, all of the F,-individuals were sterile and their external morphology was ra- 


ther similar to that of the alpine parent. In two of five survivals of the latter hybrids, 
some chromosome aberrations occurred. 
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Short Communication 


Tetsuo Koyama*: Some Transfers of Names Related to Cyperaceae 
gH: EVYYARVIVRICOWT 
Received August 9, 1960 


Lipocarpha, a small cyperaceous genus, has hitherto been placed near Hypolytrum 
of the subfamily Mapanioideae, but my morphological investigations led me to the 
conclusion that Lipocarpha is a special group of Cyperus systematically closest to 
Kyllinga. In my opinion, of the two so-called inner scales, the adaxial one is a 
prophyll, whereas the abaxial (or the upper) one is a floral scale. Thus, floral unit 
of Lipocarpha is a dorsiventrally compressed Cyperus-type spikelet. The full inter- 
pretation and discussion are given in a separate monograph of Asiatic Cyperaceae 
together with technical transfers of related names. I have picked up here some of 
them for the immediate needs. 

1. Cyperus ceylanicus T. Koyama, nomen novum.—Hypaelytrum sphacelatum Vahl, Enum. 
Pl. 2: 283 (1806), non Cyperwm sphacelatus Rottb. (1773)—Scirpus hemisphaericus Roth (1821), 
non Cyperus hemisphaericus Bicklr. (1859)—Hypolytrum ceylanicum Heyne ex Nees in Linnaea 
9: 288 (1834), nomen nudum —Lipocarpha sphacelata (Vahl) Kunth (1837). 

2. Cyperus echinolepis T. Koyama, nomen novum.—Lipocarpha albiceps Ridley in Trans. 
Linn. Soc. Ser. 2, 2: 163 (1884), non Cyperus albiceps Ridley (1884). 

3. Cyperus fimbristyloides T. Koyama, nomen novum.—Lipocarpha paradoxa Chermezon 
in Bull, Soc. Bot. France 68: 425 (1921) -Mariscus paradoxa (Chermez.) Chermezon (1925). 

4. Cyperus Lipocarpha T. Koyama, nomen novum. — Scirpus chinensis Osbeck, Dagb. 
Ostindisk Resa, 220 (1757), non Munro (1857)—Lipocarpha argentea (Vahl) Kunth (1837)—Lipo- 
carpha senegalensis (Lamk.) Th. & Hél. Durand (1909), non Cyperus senegaiensis Mattf. & 
Kiikenth (1937)—Lipocarpha chinensis (Osbeck) Kern (1958), non Cyperus sinensis Debeaux (1877). 

5. Cyperus persquarrosus T. Koyama, nomen novum.—Lipocarpha pulcherrima Ridley in 
Trans. Linn. Soc. Ser. 2, 2: 162 (1884), non Cyperus pulcherrimus Willd. ex Kunth (1837)— 
Lip. atropurpurea Bocklr. (1888), non Cyperus atropurpureus Pers. (1805)—Lip. tenera Bicklr. 
(1888), non Cyperus tener Vahl (1806). 

6. Cyperus neo-Barteri T. Koyama, nomen novum.—Lipocarpha Barteri C. B. Clarke in 
Dur. & Schinz, Consp. Fl. Afr. 5: 650 (1895), non Cyperus Barteri Bécklr. (1868)—Kyllinga 
weet Cheval., Expl. Bot. Afr. Occid. Franc. 1: 698 (1920), non Cyperus baoulensis Kukenth- 
1931). 

7. Cyperus Prieuriana (Steud.) T. Koyama, comb. nova.—Lipocarpha Priewriana Steudel 
Synops. Pl. Gl. 2: 130 (1855). 

8. Cyperus Sellowianus (Kunth) T. Koyama, comb. nova.—Lipocarpha Sellowiana Kunth, 
Enum. Pl. 2: 267 (1837). 

9. Cyperus submaculatus T. Koyama, nomen novum.—Hypolytrum argentea H. B. K. 
Nov. Gen. & Sp. Pl. 218 (1815), non Cyperus argenteus Ridl. (1884)—Kyllinga maculata Michc.. 
Fl. Bor.-Amer. 1: 29 (1803), non Cyperus maculatus Bicklr. (1864)—Lipocarpha Humboldtiana 
Nees (1834), non Cyperus Humboldtianus Schult. (1824)—Lip. maculata (Michx.) Torrey. 

10. Cyperus unistamen T. Koyama, nomen novum.—Lipocarpha minima Ch2rmezon in 
Ball. Soc. Bot. France 68: 425 (1921), non Cyperus minimus Linn. (1753). 
nee fe Nila ig vee dese Ts Koyama, comb. nova.—Lipocarpha Zollingeriana 

i 42: 100 (1859)—Lipocarpha microcephala (R. Br.) Kunth (1837), non Cyperus 
microcephalus R. Br. (1810)—Isolepis squarrosa Miq. (1865), non Cyperus squarrosus Linn. 
(1756)—Ascolepis kyllingioides Steudel (1855), non Cyperus kyllingaeoides Vahl (1806). 


* Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan 
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Ein Bericht von dem Internationalen Okologischen Symposion 
uber die Stoffproduktion der Pflanzendecke in 
Stuttgart-Hohenheim, 4-7. Mai 1960. 


von Akira MIYAWAKI* 


Hohenheim bei Stuttgart CA4E5 A 4 Hash 
7 Altbi Prof. Dr. H. Walter, Dr. H. Lieth 
OEIC LY, MAARICMT SUD CORBY 
YRYY ADHD. 10 PEK 40 ADRS 
NMA, HAS, RRL OSDHASAMLT, 
14 Bee CHIT ILA EL Lie RAR 3) Beh 
be UCHR he. 

EWMEEOWUD FIC LOC, WAARICMTS 
DED AW - AR WADE EdDs7e DO Brea CWS 
RESIS, Chic vVICGREOTC OR ROME 
FEIT AE O ACHE & SLL Sint & BAY 7h OL LT 
BRE LOLBdDNS. WMMICCOYY RY 
7 Db ICOVY CHG Lic. DRHOMMA HOM 
A DED O HR & eT CdS. 

AAMOYVY AY ASIP RENC AT ebHnieoO 
t#6 2-3 A Ghose. Prof. Dr. Th. Schmucker, 
Hann.-Miinden (Deutschland), Prof. Dr. D. Mil- 
ler, Kopenhagen (Danemark), Prof. Dr. J. H. 
Becking, Wageningen (Holland), Prof. Dr. L. 
Fenaroli, Bergamo (Italien), Prof. Dr. E. Ai- 


chinger, Klagenfurt (Osterreich), Prof. Dr. H. 
Walter, Hohenheim (Deutschland) (ck 9, IL 
Allge. Produktionskalktil und forstliche Pro- 
bleme, II. Probleme bei speziellen Vegetations- 
einheiten, III. Griinlandkolloquium 3 4>F Iz 
DS Cie Gi ak S U7. 

1 RIL KERORRC, ROBLRE 2 HEDSMT 


* BRR EWAYE WSK Biologisches Insti- 
tut, Staatliche Universitat Yokohama, Kama- 
kura, z. Zt. Bundesanstalt fiir Vegetationskar- 
tierung, Stolzenau/Weser, Deutschland. 


febtite. Fitbb 18 HAROK, Walter a5 
ANE Ab OB MACS S PMO RSR= — £7 
BEA Chink. 

4Of(% D. Miller, Kopenhagen 7:5 Boysen- 
Jensen und die Stoffproduktion der Pflanzen } 
mC, 1959 4 11 4 21 AWK Le ROLES 
Prof. Dr. Boysen-Jensen OIjAi & HPICRERE RAZ 
we. Boysen-Jensen (i (i K 7e PRIMA Cab 0 FRE CS 
bots. RKOF Y= 7 hips OMe eS 
WiDIK Ch ofc. Kili W AA OME & SEH 
PNCRATIFIOKN C&S. 1910 BLUM CF VY 
<7 TE CHAE ICES Simi eV TLR, FE 
KOBE C 85 Ois3C AVY CWS. Bix 76 EOL 
OAVER EE UT Lichtfaktor } Stoffproduktion 
OBRMARI ICH fe. & 6 le Stoffproduktion & 
Nettoproduktion OBYKIZ DV CHE < BELT 
%. Photosynthese RW EL MOFlc Lk oUMBITK 
BRANCH. —KOCOAHOMRE ELD 
jix~JD Wuchsstoffe jc~>\»C M Monographie “Die 
Wuchsstofftheorie und ihre Bedeutung fiir die 


Analyse des Wachstums und der Wachstumsbe- 
wegungen der Pflanzen, G. Fischer, Jena 1935” 
LbABH CHA < MEMS Sait. Sb 
KOBE Ci, HWA AIUI + O Determinie- 
rung 2 Differenzierung, MOA & HOMO ME 
Te EIZOVYT Sh WPF Lie. Boysen-Jensen ff L234 
-#x L?z Det Levende (Das Lebende) Bd. 1-4. 
1951-53 (cfkida#l DCS. “SRDN ARO He 
VYTILF A CORBI, WAVNTHO Zusam- 
menhang 4 Plan hfe <, KH—TEO Kausal- 
prinzip D4 LICHETTS. Lal, F\TOAD 
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it, HEMI 12M Ganzheit © LT, +H 
HOFATO LebensduBerungen 04: A & (RO 
Rilicist} Z—2O harmonisches Zusammenspiel 
wii UCHMANS” LHL CW SO. 
heitsbetrachtung” =%, © OAM Ursprung Cc 
dS. MEOKILAHOMREBCCUPOCLE 
» &< IES BML. WDICAHER< Zellpro- 
zesse MOrniCYi% Sz», “aber vergiss tiber die 
Analyse nicht die Synthese, iiber Einzelheiten 


=® ,Ganz- 


nicht die Ganzheit, denn erinnere: Die Pflanzen 
sind lebend”. 

=®@ Miller OH Rix, 3 <7 Boysen-Jensen 
DAFF WOLBRWS 2774 & bICBRA—AO 
PREV AER AMEATE. 

xO W. Lotschert, Hamburg OMIT ES 
Die Vegetationsverhaltnisse in Westcuba 2 L 
COMED hd ofc. HILRLWAAT PEACE 
SEO + 2 — Ei PROME MAR &, [TEE 
ALE BOR & HBL Lic. 

a2H, 1. —iei4eeeat he + MRE, 

+ Hohenheim #3474 Pflugfelder Aig 
DMDV4RISOE, EXOvY RY y ADD tee. 

S.S. Paterson, Lerum (Schweden) (+, Der 
CVP-Index als Ausdruck fiir forstliche Produk- 
tions-Potentiale }MiLC, SiRAUEDASTAROR 
PEPEYATENE I IRD SRAREUAK. tiebbd, 
Warme : Feuchtigkeit - Lange der Vegetations- 
zeit 7. Photosyntheseleistung * 7ST ALOU 
Lt, CVP=Klimabedingte Vegetationsform-Pro- 
duktivitat RHR Lic. MAFMWORRHITES 
i & Y CVP-Indexwerten (Klimatisophyten) + 
abst, TEAM RO LICR ERE CHALE. TCT 
SUE FAB) Fibednk oe SPRY Sth B WLP LAE RE 
HEA eH CV S tibia & L, Phyochoren + #f Live. 
= CVP-Index (2 k ) SB & YEAR AE BENE IO 
PVC Uk PRE 7 IBAA 28d S LUMiSie. 

Cc OANGUC LR OREN HY CHO WEI 
5, Asie DUDA REDS o7e. & <1t Becking, 
Volk, Walter 5 2x6 Put b TsO FRPKAE EME MHI, 
Be Mp OTHLILE oh BS. Ar-FVC 
(LTS ABM, COAKE SUR ICIS 
LES ESF SOKEME CHS. BNE EE CIV 
& 3% Lic. & Hic Schlenker ab RAE HHH 
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{Et S OIL AICI ICE CHS. ESIC FI? 
DOXL< AURA CS, EMA MICILOT 
Kote < BISLODC, RRO CHMEE 
AEH eH LL} LTSOURAH CHS. Knapp 
BLY, BOBOOMICL SCHENCK E > 
fe < HIS. HMBMICOWT, 1% DIED HF 
Bie <, WERVKS cif A FAORMMCT A T 
OPA RHEL KE} ET SOUMAAREL 
FRCS. Hic Aichinger PSoOMRMOG 
Hit, [HEI SUREH es RET SFR E LTO 
CVP-##8t) £ LRARIW LER LE. 

Sit Miller, Kopenhagen, Wie grof} ist der pro- 
zentuale Anteil der Nettoproduktion an der Bru- 
ttoproduktion. 

OR BOAR IL, 1954 OREO mma A AT 
Het hecaneManfec 

FYTNIAIBWAATFIMK (Fagus silvatica- 
Walder) (Cis 444-2 & Bruttoproduktion 2, 
LPDBSOMIM + HIE LIT KE STARE oekt 
xt(4e7eia@ Nettoproduktion 4Ffij(c ts (t+ 4 ha 
“4VOMmmpALCOMMeHtR:- RRL, £08 
HOBGK 2 BBA Lv. Bruttoproduktion jt ha 249 
4E A 23.5t ICHEL, 40-60 HAOTFI CHBITH 
jy 4. #20 Nettoproduktion jt Bruttoproduktion- 
(HOA + ZOWMRMICLSRAWHOBA) Ch 
4. #20 Nettoproduktion ji, ha 245 16.2t iz 
EL, E Om ALIA RIC 40~60 ABARAT 
WES. 4 Bruttoproduktion sh fe + He - HE 
OMPIMMic k SHIA Is LO + Hi - HOPI 60 
“ICI LSTEADHRICLOW br CHS. RR 
® Bruttoproduktion 23 ffi - tit - MOALICH CH 
NS. 

WWEROK 10% (LPATPITIRL, Ete, SRO 
38% {tI U < PUHEPRICIR LUC. I CSE 
(Az TOPE TKO DEEL X oD THEE CHS. 

G. Schlenker, Stuttgart, Ertragspotentiale ver- 
schiedener Waldgesellschaften Siidwestdeutsch- 
lands. 

HPT LSE» HHT IS L OSLO ES 
WMWIEIZ > CH barrelt hie bie. ARE 


* Moller, Miiller u. Nielsen 1954: Ein Dia- 
gramm der Stoffproduktion im Buchenwald, Ber. 
Schweizer. Bot. Gesellsch. 64: 487-494, Bern. 


October, 1960 


PLEIN 7RSUBRIT AIS UTS EUS 5 LIC oT 
Regionalgesellschaft - Standortseinheit « AB 
W214 FEY OPER kontinental-montane 77 
& eichenreicher Laubwald (<4) HE Lic. 
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mg CO,-g Nadeln } Lk. Siihtic (bite Pinus 
cembra Clix, 4EIH) 4 ii CC 1g m CO.-Uberschuss 
tk 2.2 OlcmsNGke S. COW Axe 
mote heed, [COM PME Sic 


Fichte (Picea excelsa (Lamk.) Lk.) 04:7 Ht 
MAICTF EL YOBVd3, Standortsgesellschaft 737 
THK Ca S seh CLA ANRITSU, AD 
SdbHO TH. Ef Fichte OA THEA A L+ 
PROSE HS ICPBLEICIA ES, THOM KROAPERED EM 
RSS. 

HORE iw OBS, Standortsgesellschaft 2 + 
fd», R. Tiixen (kU < HMHAZHOV 5 
42H “HHA: Potentielle natiirliche Vegetation 
Synonym 2 fi@#KFL Tks, LOL 5 fedeAic xy 
2 CHET REZ, £O%HIs kU Eskuche 0 Hil 
xt LC Schlenker (kOX OL 5 (CBX fe. Sy 
nonym £#2%Chbvievr. WMOVERIZHeES 
Clk, EF floristisch (CMHOMARIC LY isi <. 
WARMOTVWECA CL, AMO Pld» bt OF RHE 
tlc kD ini<. 

W. Tranquillini, 


Innsbruck; Die Vergleich 

db OTH 
WOR HO RAPHE MSE DITILF MOE 
DMEFEL TVS. Feb Dendrographen (ct k4 
EON KARac&E (Fritts and Fritts 1955), 
SERIO SABC told SER MRI k SAR 
Ow Bic k Stk (Gregory 1917, Rutter 1957), 
fold BONER HIB L, COBIMMOW EI LS 
Massenzunahme O§j7# (Unger 1959) 7p & ASAT 
bie. 

MH A OTE OD WEA PERO RR 7s DIL, FO 

~CO,-Umsatz (AE EMER) © Hee WEI KD FT 
TebynS. EOREICED Pinus cembra DSK 
jouw Tirol (4#-AbVT) OBRAARH CH 
# Lr (Tranquillini 1959). 

Sirbb 1954~1955 *FicbeS 14, Two 
th LMBictslt 6 /AlAl > Hla ds LOAM PT OMIM 
kV CO. OSmeWE Lee. SHITKR 
BC, FMS FORROM Rime OUT b WEL 
fo. ARNG EICHT SAIC KD, FR ORAVM 
O@BEHR LE. HALA SICCNHS OHA 
MIMIC LS HD ABO CO. OMe RIC LOR 
L, U4 |4E HI CO,-Uberschuss (#4248) % 4837 


zwischen Produktion und Assimilation. 


Erk ObSAITASVY.. CHidpleEe SHH 
We, = OEM LEA: LCV» S eA (Mykorrhiza) 
Ck SEMA E ENC S26 CHS. 

K. H. Kreeb, Hohenheim; Hydratur und Er- 
trag bei Monokulturen. 4EpeReRETS4 OL 
b BE BAO1LOLKT CHS. Lah Walter 
1931 4ELVSHIC & oC BER OUKDORTCE 
we <, zk4ikRe Wasserzustand-Hydratur (fiir die 
Pflanze) REWER L rote. LMWH Is* L 
CHROME Site. IL OFF DO’ 
Vai 2 Wwe Lie. & LC ec OBB & Hydratur (7k 
HE) & UCR Le. ti Ow (-Hydratur) (+ 
IRE ICAL CUS. WILE WO Hydratur 
& ABO REFA Bodensaugkraft } OBR, & 

BIC EM OINKER IZ OVC HP Lic. Bodensaug- 
kraft OMe & SIC MIRO B Aims LATS. 
EHUCME IG LCI LMP FS. COPE LT 
Brassica, Hordeum (i (ho efew k ORV LEO 
TR REITING S. S bic ties AAO Ee 
HE WAOF RL UC Hydratur AAO a AB HEI 
D°ThBRL. 

W. Haber, Minster; 
zwischen der Produktivitat eines Pflanzenbe- 
standes und der Bodenatmung. +-88~®0 CO, 0 
Be#G & WEED Bilanz (225 |ik]) db N42 OAEPE dee 
RMT SIMBA AI OW CMA. AAO 
CO, OPEL EF APREWO MARNE LS. 
DV CRADMIRIC EO FisbnS. Lict> Chil 
4 Oy Efe mts, “kD CO, Ort SHY CH 
PETSBMAIC dS. WEIL ALHEO COs WERE L HA WO 
WE PE ORR C(Kohlenstoff) Om EMirc 
2A Lic. 

#33. E. Aichinger, Klagenfurt; Wald- und 
Wiesenentwicklungstypen als Grundlage der 
Produktionsleistung. liv. 5.“4fi Wiesen, 
Weiden, #e/KO4z7E AEA pleogenetische #fi4z ¥ 
MELC, HB Licttiltiebisvs. FCO 
RAIL, CHENEA OF REC HEI o 
TWO”. Pigd bits < O Ww & PARE L 


Uber Zusammenhange 
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OD, How Stufe & LUCHA L TVS. 

HAE Lipo CW SAK ALY TRAM OR HE 
LE ARKOBMKLUM LUC, SPORE - RTO 
RUA MSL Las Lire. BUEMUE LCV OTE 
MALO FBHBICIL, DO CHK Ca 0 fe SF OREO #1 
REELED Hide bie S WAULICDw. RAO 
ALAR, BORRICABB EET Tb Te < HICH ES 
=tit, BRO Nahrstoffkreislauf FVOUSL 
< tS, WA OAPI BRST. 

R. Knapp, GieBen, Experimentelle Untersu- 
chungen iiber Faktoren der Ertragsbildung in 
#HEO Ertragsbildung #7 
SFoERBARL LTH, FECLIZLIZSHHSENT 
SRK « WE RV — + HMRI OA TCH < HAD 
DRO Reaktion & {| «OD HiMD PIAL S SICH 
KOT, BAVC 5 MLPA RS bY CAR 
Weer 52S. wet Artemisia Hi7csU ON 
Fath, Lolium + Phlewm 7;EUO Weide tiv, 
S bit Hordeum 7cUED RF MALMBE LT, K 
PRAIRIE 3s Lk OF O BIG HL RE & AAT 
. 

Reinbestand “Cid, 3s 7A\ AATHIIC RE & SITS 
Chit, DKROCHHEMAMIMNT SHS L, Wie 
WLS SYGRHS. CHHAMAPIAAEIO+ - 
— OMRE RWS Sted, BHO RMRIRE A770 
fe. HMOBRRIMEOBE Lo APTA INS S 

BLWY tT SYERHS. COMPS, MHOMA 
WHORE (, PRA L AILL OBR 
KE<GATS, ddi<k. 

Walter Ofivic#x Knapp ii, MPHALS 
< OBSIAE & RFT RUANIIT HFEF SB Old, Fl 
RewE CL, HRAMCHEL BAK. &H5 ie Kit 
Lieth Dita -—AbFYTO;F#HOCAKOFES 
LOCC ORME HED 6b CW SDM TUS 
a. ORME, Co} SABFICLT SE 
whze. 

Rademacher (<{KOBJ=FL L dic Uber die ge- 
genseitige Beeinflussung von Ackerunkraut und 
Kulturpflanzen, insbesondere Sinapis arvensis 
auf Triticum vulgare \Cvy TC fii MIC Lie. 
SIC RAFAT ARIZ LD Ry b RBH OK 
D RRL CA BK ERA Lie. 

K. Walther, Stolzenau; Uber die Eichung von 


Pflanzenbestanden. 


Bot. Mag. Tokyo 
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Pflanzengesellschaften auf ihre Ertrage. ict 
e--4EAO HAALHHIOPIED FHI Lk O, PARA 


Reale Vegetation js k UY#7EH AMA Potentielle 
natiirliche Vegetation *%JKibiticbfe > CHI 
Bichi< CLMBAARIChor. BLINTO, Ek 
(xP IC MH UC Signifikante Ertragswerte 
MBAWSHSKbSI, COMMOMAELE MICO 
CHAE SC LDBCES. 

PAPO L 5 ICAM AE OMDWOAMDA & Fl 
Fad SHE CI, Ertragswert (ii LOGH 
YWMALD» b Mize < $I CX S. PAIL PLO MERE 
PASCO. PE CI Kim LAMO PHC L She 
EOKAW YUBA, ARERSAHO EITM SS 
2TWS. COL 45 texrHhoO MRP ROME Miers 
b, MRL RPM AIChSREMOMMat Hes 
BCEMCESEA 5 ds. 

HAIL COM SMART Sicdic 0, BEHELT 
S PEIRIRILE CRA UCH SOA, HPROR 
PS 2ZOORMLAMICHO, BAWOMMERE id 
#Lic. COMBOMMBH Ab OIE ae AHI 
iL, SIL CHAMA BWA X SWB < eS. 
AREAL CHER) PRA LOO REROA 
BRASH S. CORRS RRs Eichung } L 
CHHIAE HN SBR, ERFHAE < le Ft 2 
CL HL BAKO tes S DEH HERE O BRITA & He VBE 
FRO CWSC LMM S. WES tie (geeichte) 
YO AEDE hit & AIK APO Stufe & WS Lies 
2x “Wasserstufenkarte” ZuM%AnS. COM 
O>b HAO IN MERE TI & 4 Orci +E & OBR 
DW bd L720, Hee Wasserwirtschaft - Of 
TA EIR IT FRIED CHA 5. 

Tl. $PRCHANALIT OVC O 

F, Gessner, Miinchen; Die Primarproduktion 
der Hydrophytengesellschaften (Plankton und 
Benthos) in Binnengewdssern und im Meere. 
WUTFEH) S H7%e(KO Lehrbuch, Hydrobotanik #5 
2% T01pp. 1959 DAZ ROMS Lvs 5 SRM 
Chor. ETHIER EIt MOMMA Arten- 
verbindung (< k > C#H#TSE LACS. Phy- 
toplankton OR EHELRO MEH, TASER RE RIC 
IK LCE CS, LAIsX UC, WE + YiekAR A) 
TED TYE SELEY + AMEE Te Tid B HERA 
OSCHKE ACEC BH Lie. SEH + kt BAOD 


October, 1960 
FUNC L SBA MS > HSH. 

L.C. Bliss, Urbana (USA); Net Primary Pro- 
duction of Tundra Ecosystems. Tundra tiiao 
TAACTBES 0 OAPERED ICRI S S WPFEIS HHI) Ze 
Vs. PHS EP HH ts k OF LUAFO Tundra ffi 
Ae PERE TIC OVS CHG IT LBS E COMER 
FRE HBG Lie. fdkitho7@ Tundra fh4: 0 m4 
ACB DO AEPE MEAS, LO SHIH LC IZ 
VO, KAREN TirbhSBEO Ge 
BRWCL. BRERA LMADEHL OBEN TY 
S&kikNfe. OR Mt. Washington © Tundra 
WE CRSA POR BITCHES CUA. BR, Hh 
WALA O HeeexIRR 9 PAE (AUR OK EIT 
28) CLOHBREA-TFCRTL 20081 
BRONS. PIOWR, MAZOWMDHROKRM 
OMICS. P2OWKR MA Aoh 
S. BE OSMAAI—MIT KY. CORAL LT 
B1O, MEIC AR RO HIMIRBicie 2b 
WCWCREAIT ES. REO ARE BK PLEA 
{Ets LOMMOMRWL-KGS. OA 
MORRWE UC, CORMSRRIT Cices v, 
RESIDE 7c Slit & ERK AA PIC OIE 
BOPFAOMTe 2 SED CHS EMAK (COMI 
OV Clexeie74, Bornkamm, Lieth, Walter 57, 
bats oH Site). Efe Tundra HhipOMeo 
ASPET, WE UOT HICH L CKO, HF 
HIM DAV c tk MECRACHSE LK. 

I. @BicoOvrcMO Kolloquium 

D.M. de Vries, Wageningen (Holland); Tro- 
ckenmassenertrag und Bewertung von Dominanz- 
WL 5. BERRI © Suithas 
b HED ZV EE 4 ffigewichtsmaRig vorherrschen- 
den Arten jt, #Wtt 4b BR Db BR CH 
SEL<, B¥ELLEDOTHELRKER OT 
VS. F 1/4dm? OXI OMERO HeiRic Loe, 
REP RPYA & dh SFEO BE HEHE Cab Sd», HS 
WILERKIOMAE HDC SDIZ LOC 4 KD 
Lr. ticdb sehr rein, rein, unrein, gemi- 
scht. EXMORAN BAS, COsmmoLReTN 
SAPD db DBE HEE S tr SHhIC RHO: KANO 
AFM IO AiR LS. a7 YR ORE 
cist SAA MEO i BEL IL, Loliwm peren- 
ne, Poa trivialis, Poa pratensis, Alopecurus 


gesellschaften. 
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pratensis ts kU Festuca pratensis GS. = 
Oh Poa trivialis OPE GRYAIL, Hoo ERIE 
HA DEA. 


W. Krause, Donaueschingen; Uber des Pro- 
duktivitatspotential der Allmendweiden im Sch- 
WO HBL DZS Ch HERO 
2 Cd SEBO DEE IT OVC BA db S DPIC HE 
wiht. Pa FI v, Schwarzwald OLE + Wy 
[Lito Nardo-Callunetea-Weiden (ij \>4E PERE 
}) Leistungspotential ##io TW SITE PAHS 
FS SEA FIC ie o CWSMRSbESDWLT, 
Hi HE DO HABE Dh LIT BoD T lids Te ESR IE 
ag Wirtschaftsertrag LaGbtirl>. 8 atkITIs 
LSE + PR + 2) OHILAIRO FBG RIC LS 
by NFR-NMYAV OMIM MIL, BRO EEC 
jt 1500kg MDLOZ 5500kg HAFkHS. COR 
BPS AGH IEO JaythO bh Ov», Schwarzwald 4 
(KIZOVWCWR SOO, MEMO teieiz kD 
Be Lic. SOICH WHOLE 4b IMNZ CHK 
Lr. OER Nardus stricta L. OB BICHA 
FS, HAMIL MME re th BIC EERE 
Ertragsleistungen *&#io CWS TL BDA. 
COs HhlS BLS e AL, ISDE <, BR 
DRS HRT SCL MBCES. SHICHBE CHE 
DR < RS, ZAC Mone eRRM DY ie <, BB 
WLI Ca 3. 

= OMIT BIHE LC ~Aichinger 2: 5 IKE IED 
BATS A, BEC b HIE, & < CABAL O Te 
RS SORIS EY THE CHS. FOBT 
42ND fig 72 ESR MET SED, & SIC ICH L 
CHIHEBRRRER OCHS. bipnlsRaeR 
CRIT HIZO CH 2 UES 5 WO & tid Lie. 

Th. A. de Boer, Wageningen (Holland); Pro- 
duktion und Produktionsverteilung von Grtin- 
bDrbenNO MEK? 
Vegetationseinteilung OALPENLHO HMAGRLEL 
ONIN S. CHrleS BITABEOTKS + pH 
WELK ic © FAO TURO ERR O Komplexe 
AOPEMM(H Zeigerwert FHoCWS. FIV 
DKS) Lolieto-Cynosuretum ts kO—iS Moli- 
nion coeruleae, Bromion racemosi (Z)aRLTV.S 
MURICOVYC, EO PNA DHA & IRA BIZ 
UC HEI Tic oie. COR 2 OM MARE & HF 


warzwald. 


landvegetationseinheiten. 
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Allie. HL OAM, AMI 5 Mle) Is & le 
5 BI AR +b PAAR FT 7eV» (Rohertrag), CORN HA» 
DLA4OMEAEHEERERH Lk. H20FK 
jxkGeith © Normen ~.>5+&# Lic (Reinertrag). 
CHE OMA SMO Mme Lb PK E CHT 
SHichieMizabWbaIz, ARE MALO Feit 
Wet & PEI ae AIS CT LDCS S. 

#83 AA it 20.00 Ra.5 H. Walter (CLO H 
F-APA FEEL LA-ARFIVTRKEOME 
(COV Ci TR DMT fe dodvce. 

4 Ark, Fa LL RE Cima ae Ted. 

SE CORIO T, EL UCHIEEO Kens 
HDS, AOI O BEET OD acted b FT isdoavk. 

SEAL ACEP + RIPE ERS MWe bELL 
CHE LCW SMA] + FH + FRODOAHARORLED 
RA EB ts LOPE BIZ OUST fii HIT POL 
fe. HRD Walter (iG EX CHKOMBEBOMRIEL, 
a— Py ClL—MIT Uw 5b SAMON TCA 3 
ROT, 4 <(CHAOMMCRADS 6 BER Lic. 

miKkic Walter PLAMHAOBMAHIc koT 
APE RIOT SARIS. MILA AE 
&, PEC eeaee, PH CEE LAMIOAI 
LB SMAOREEBRLEATWS. Laes_re 
AW (Clk Bestand © gesamte Trockensubstanz 
&, COLEMLE ZENE CHS. IOMMWLO 
DIE ae} Sie e PERE BRSKLICTSS 
LHS dbOTHE CHS. Shit ir tH LGA 
0) Wi 7) BFC $s (F BAER + ARNE ¢ HLA OR HO MSE 
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OA UFEAE IIe o CHG & HED SDAA S Ta 
A LEAT. 

LOE 4H-5 A lc k ) Uracher Wasserfall ~ 
® Exkursion (C#in, 7¢ C-Par7e26 A ei Le. 


Hi Res - HAZOMA HE ih CCH AMVICS 
SHY Atle bh Xb THE REO—lOCHS 
VRAJEILOVWCO, CORBY y Roy Ae 
CH#HICRUbDNKC LI, SFAPFOMEBRE 5 
2 < COMMICHAMITE DMAMDSIEC LE THS. 
SHRHLV TH BA ORME EA COM 
AEMEICOWCEL, EKpi— Licdmsbike 
FPOITB CW Re Site. Lielonid, 
BEB <D COL OMY Y RLU ADDO, KF 
LE BITM A DDN AHR DD TF SAND 
Synthese (CH PNSTL CHAS. 

PRMEMCTCOLSCLI, BFLETATO 
WREIEORVED, REICEROI SHRM 
&4Q Grundlage £ Liki Ct, PAM RDRAL 
LEWSbOL RR bint. HEOMRELEO 
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Zusammenfassung 


Vom 4,-7. Mai 1960 fand in Stuttgart-Hohenheim (Deutschland) ein Internationales Oko- 
logisches Symposion iiber die Stoffproduktion der Pflanzendecke statt. 


Mehr als 40 Fachleute der Pflanzendkologie, Pflanzensoziologie, Landwirtschaft und Forst- 
wirtschaft kamen aus 10 verschiedenen Landern hier zusammen. 


Wahrend der Tagung wurden 14 Referate aus den verschiedenen Fachgebieten, 


2 Abenden 3 6ffentliche Vortrage gehalten. 


sowie an 


Wenn auch jeder nur aus den Kenntnissen seines engen Spezialgebietes urteilen konnte, 


kamen bei diesem ersten Versuch, das Problem der groRraumlichen Stoffproduktion der Pflan- 
zendecke naher zu erfassen, doch wichtige Ergebnisse und so viele Anregungen zusammen, 
da} sich fiir die Zukunft daraus eine ganzheitlichere Betrachtungsweise ergeben k6nnte, die 
fiir eine wirkliche Zusammenarbeit an diesem umfassenden Komplex von gréRtem Nutzen 
ware. 

Stérend machten sich besonders neben dem Mangel an zuverlassigem und exaktem Zah- 
lenmaterial die verschiedenartigen Bezugsgrundlagen bemerkbar. 
vor, bei kiinftigen Untersuchungen eindeutig definierte Pflanzeng: 
legen, die einen genauen und wiederholbaren Vergleich gewahrleis 


Verfasser schlagt darum 
esellschaften zugrunde zu 
ten. 


October 1960 
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Wardlaw, C.W.: Methods in plant morpho- 
genesis. Jour. Linn. Soc. Lond. 56 : 154~169 
(1959). 
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Developmental Mechanics of Fucaceous Algae XV. 
Effects of Ultracentrifuging at Later Stages upon the Development 
of Coccophora Eggs* 


by Singo NAKAZAWA** 
Received May 2, 1960 


In eggs of Fucus furcatus!) and of Crystoseira barbata®), the polarity axis is 
determined by stratification of the intracellular materials brought about by means of 
centrifuging, so that the rhizoid tends to be formed at the centrifugal end when 
the centrifuged egg is cultured in normal sea water. But, centrifuging is not 
effective in some other fucoids, Fucus serratus*), Coccophora Langsdorfiit), Sargas- 
sum confusum*), and S. tortile®) in spite of the fact that almost the same stratifica- 
tion can be induced by centrifugal force. In Fucus furcatus, the duration of time 
in which the centrifugal force is effective for polarity determination is restricted to 
until 12 hours after fertilization. So that, after this the centrifugation is powerless 
for the determination!). In Coccophora Langsdorfii, centrifuging experiments were 
carried out formerly only during the time before to 40 minutes after fertilization‘). 
Therefore, it is questioned whether cr not centrifuging is also invalid for polarity 
determination if the egg is centrifuged at a later stage. Coccophora eggs are spheri- 
cal or a little elongated at or just after fertilization. Regardless of their original 
form, they are more or less elongated by their own morphogenetic movement to 
become ovate forms pointed towards an end. After this transformation, their polarity 
axis is determined, and later the rhizoids are formed at the pointed end. The writer 
here made an experiment to centrifuge egg strongly after the transformation stage, 
and inspected their later development. 


Material and Method 


The experiments were carried out in April 1960, at the Marine Biological Station 
of Asamushi, Aomori Prefecture, Japan. The material, Coccophora Langsdorfii, was 
collected from near the Station, and was cultured in glass vessels with filtered sea 
water. After liberation, eggs were artificially fertilized, and were strongly centrifuged 
at stages before and 1, 10, 15, and 20 hours after fertilization. After the centrifuga- 
tion, the stratification was inspected by use of a microscope, and then they were 
cultured in filtered sea water contained in Petri dishes. Conveniently, the stratifica- 
tion of plastids is retained without being redistributed even until the stage of young 
embryos, so that the original direction towards which the egg was centrifuged can 
be distinguished with ease in later stages. Upon the centrifugation, the material was. 
placed in glass tubes of 4mm. in diameter and 12mm. in length, the tubes contain- 
ing the material were set in an air-turbine centrifuge of 15mm. in radius, which was 
turned for five minutes at 25000 times gravity. In Coccophora, the development 
proceeds not always uniformly, but more or less differs according to the individual 
egg. Therefore, though centrifuged at the same time after fertilization, some eggs 
undergo stratification at the stage of the primary morphogenetic movement, but other 
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eggs at two-cell stage or another. Conveniently, however, aS was remarked before, 
the position of plastid layer, which is still retained, indicates the stage at which the 
egg was centrifuged (Fig. 1H, I, J, K, L, M). 


Observations 


The unfertilized egg is spherical or a little elongated containing one nucleus in 
the central region surrounded by a number of plastids (Fig. 1A). By means of cen- 
trifuging, the egg protoplasm is stratified into five layers (Fig. 1B). At the centri- 
petal end, there come dark yellow substances which are presumed to be composed 
of oil or fat, stainable pink with Sudan III. This layer is liable to be thrown out of 
the egg cell into the space surrounding the latter when the egg is centrifuged before 
fertilization. Next to this, a transparent layer is stratified, then a dark brown layer 
composed of plastids and the nucleus, a colorless clear zone, and finally a layer com- 
posed of fine grey particles extending to the centrifugal end. The same stratification 
appears regardless of the form of the egg. Later than one hour after fertilization, 
the stratification takes place in a little different pattern. That is, the oil drops, which 
also appear at the centripetal end, are never thrown out of the egg (Fig. 1C), indicat- 
ing that a certain change took place in the cell membrane after fertilization. Pre- 
sumably, deposit of cellulose seems to be such a kind of change. One hour after 
fertilization most of the eggs still retain their original form as the time is earlier 
than the occurrence of the transformation. In the culture of these stratified eggs, it 
is known that the formation of the primary rhizoids takes place regardless of the site 
of stratification as was reported before**:®). 

10 hours after fertilization, the egg undergoes the peculiar transformation into 
ovate forms pointed towards one end (Fig. 1D). Centrifuged at this stage, the 
stratification appears in various directions according to the orientation in which the 
egg is placed by chance upon the centrifugation (Fig. 1 E, F,G). When these eggs 
were cultured, it was revealed that rhizoid differentiation was affected by centrifug- 
ing. In normal development, the presumptive part where the rhizoid pole is deter- 
mined appears at the pointed end of the transformed egg*). This part is called the 


Table 1. Number of eggs centrifuged apically, laterally, and basally at the 
transformation stage, and ratio of their rhizoid formation. 


Control 


Apically Laterally Basally ) 
centrifuged centrifuged centrifuged eran 4) 
Number 
observed 62 68 70 100 
Rhizoid 
formation 
i pt 90 2 94 


basal end. The opposite part, the apical end, is the site where the embryo apex is 
differentiated later. If the egg is centrifuged basally, the oil cap appears at the 
apical end of the egg (Fig. 1E), so that this is called ‘‘basal centrifugation’. But if 
it is centrifuged apically, the oil cap appears at the basal end (Fig. 1G), i.e. “apical 
centrifugation”. In the same sense, ‘“‘lateral’’ (Fig. 1F) and ‘‘oblique’’ centrifugations 
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Fig. 1. A, normal egg before fertilization; B, the same centrifuged, oil drops are ar- 
rowed; C, centrifuged after fertilization; D, transformation stage of a normal egg; 
E, the same centrifuged basally; F, centrifuged laterally; G, centrifuged apically. H, 
young embryo forming rhizoids resulting from an apical centrifuging; I, young embryo 
failing in rhizoid formation resulting from a_ basal centrifuging; J, young 
embryo forming rhizoids resulting from a lateral centrifuging. K, basal centrifuging 
at two-cell stage; L, embryo resulting from the same. M, embryo resulting from an 
apical centrifuging at two-cell stage. N, redistribution of the nucleus (arrowed) after 


stratification; O, a normal embryo. 
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are possible. In the culture of these centrifuged eggs, it was revealed that (1) the 
eggs apically or laterally centrifuged could form rhizoids normally at the presumptive. 
rhizoid end (Fig. 1H, J). However, (2) the eggs centrifuged basally could not form 
a rhizoid (Fig. 11, Tab. 1). In apical centrifugation, the apical half wanting plastids. 
sometimes fails in cell division resulting in a half embryo reported in a previous. 
paper’). Though a rhizoid is not formed in the egg centrifuged basally, irregular 
cell divisions take place. In this case, most of the plastids and the oily materials are: 
retained without being redistributed. However, the nucleus is promptly replaced to: 
the center, and undergoes division (Fig. 1N). In the normal development, the primary 
segmentation wall is formed perpendicular to the long axis of the egg. If the egg is. 
centrifuged at two-cell stage or later, the rhizoids are formed normally (Fig. 1K, L, 
M). Thus, the ultracentrifuging experiments revealed the relation between the stages 
at which eggs were centrifuged basally and their later potency of rhizoid differentia- 
tion as shown in Fig. 2. That is, when eggs are centrifuged before fertilization, 70 
per cent of them can form rhizoids at the presumptive rhizoid end. As the distinction. 


a 
°o 


Fig. 2. Rhizoid differentiation after being 
centrifuged basally at various developmental ; 


stages. 


RHIZOID DIFFERENTIATION (%) 


BF BT T 2c 3c 4c 
STAGE AT WHICH EGGS WERE 
CENTRIFUGED 


of the base and the apex is not always easy in spherical eggs before actual trans- 
formation, the observation was restricted only to the eggs whose form was originally 
ovate pressed by the mucilaginous coat surrounding them. For this purposes, these 
eggs were cultured isolated from other ones. The percentage of forming rhizoids. 
at the presumptive end rises when the eggs are centrifuged after fertilization but 
before the transformation to 88 per cent. But when they are centrifuged at trans- 
formation stage, it sinks down to only two to four per cent, then rises again when 
centrifuged at two-ceil stage or later. 

When the embryo resulting from the centrifuged egg is immersed in sea water 
where 0.01 per cent brilliant green is dissolved, the cytoplasm is stained vitally. At 
this time the staining appears from the basal pole or the rhizoids, which is also the 
case in the abnormal embryo without being centrifuged®). In addition, it is noteworthy 
that even in the normal embryo failing in rhizoid formation resulting from the basal 


centrifuging (Fig. 11), the vital staining also tends to appear from the presumptive 
rhizoid pole, i.e. the basal end. 
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Discussion 


The most notable facts observed in the above experiments are that rhizoid 
formation is effected by direction of the stratification when the egg is ultracentrifuged 
after morphogenetic transformation. That is, when the plastid layer was stratified 
laterally or in basal regions, the rhizoids were formed normally. However, the rhi- 
zoids are not differentiated when the plastid layer was stratified in apical regions. 
This relation is illustrated in Figure 3, and it will be explained as follows. Judging 
from the facts above, it seems that the localization of intracellular materials takes 
part in the differentiation of rhizoids. Though the main material for this is not clear 
at present, it is Certain that it is one of the substances stratified by ultracentrifuging. 
But it is also clear that the main factor is not concerned with the nucleus. Because 
the nucleus is promptly replaced to the central 
region before occurrence of the cleavage in 
whatever direction it was stratified (Fig. 1 N). 
“Therefore, it must be cytoplasmic materials that 
‘take part in the rhizoid formation. However, 
it is not true that the differentiation of rhizoids is 
conditioned only by intracellular materials. If it 
were so, the rhizoid would be formed on any side 
of the ovate egg corresponding to the direction 
of the centrifugation. But the fact is different. 
That is, the rhizoid formation is inhibited when 
the plastid layer is stratified to the apical region, 
i.e. far from the presumptive rhizoid pole where 


the rhizoids were to be formed in normal Fig. 3. Developmental fates of 
development. Therefore, it seems that rhizoid ee —— centrifuged in 
formation is also dependent upon the cortical various directions at the trans- 


cytoplasm which is not moved by centrifugal fotahe innestaee- 


force. That is to say, there must be two main factors controlling rhizoid formation. 
“One is the polar differentiation of the cortex of the egg cell which determines the site of 
the differentiation. The other is a certain intracellular cytoplasmic materials movable 
by centrifugal force whose localization is important for actual formation of rhizoid. It 
seems that the rhizoids cannot be formed if the intracellular materials are distributed 
too far from the presumptive rhizoid pole. In normal cases, the materials are almost 
uniformly distributed in the cell, so that rhizoid differentiation takes place at the 
presumptive part. But, if the materials are taken off from the presumptive rhizoid 
pole by means of centrifuging, the rhizoid formation fails. It is known that the 
‘presumptive rhizoid pole is determined at or sometimes before fertilization’). It is 
also reported that in Coccophora the rhizoids are formed but their site of appearance 
is not determined by centrifuging when the egg is centrifuged before or just after 
fertilization®®). At this time, it is considered that the powerlessness of centrifuging 
4n determination is attributed to prompt redistribution of the materials necessary for 
rhizoid formation to their original location corresponding to the presumptive rhizoid 
pole. When the egg is centrifuged at two-cell stage, it cannot affect the rhizoid for- 
‘mation even though the plastid layer is stratified apically in each cell. Therefore the 
plastids do not seem to be the main factor for rhizoid formation. 


Summary 
Eggs of Coccophora Langsdorfii were cultured after being ultracentrifuged at 
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25000 time gravity for five minutes at the time before and 1, 10, 15, and 20 hours: 
after fertilization. As a result, the following was revealed. 

(1) When the plastid layer is stratified in apical regions of the egg after trans- 
formed to ovate forms, the rhizoid cannot be formed. However, when the same: 
layer is stratified laterally or in basal regions, normal rhizoids are differentiated at 
the basal, i.e. the pointed end. 

(2) Therefore, distribution of the intracellular materials is a factor in the actual 
formation of rhizoids. But, as the site of the nucleus stratified is not concerned with 
this, distribution of certain components of the cytoplasm seems to take part in the- 
rhizoid differentiation. It is, however, not the only factor. It seems that (a) the site 
of the rhizoid differentiation is determined by the cortical layer of the cytoplasm 
immovable by centrifuging and (b) its actual formation is performed by a certain 
kind of cytoplasmic elements movable by centrifuging. 

(3) When the egg is centrifuged at two-cell stage or later, the rhizoid formation 
is not influenced by it. 


The writer’s thanks are due to Prof. Arika Kimura and Prof. Isao Motomura,. 
and to all members of the Marine Biological Station of Asamushi for their kind co- 
operation in the present study. 
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On the Germination of Pollen Grains of Brassica napus L. 


by Atsushi Kuso* 


Received January 20, 1960 


The writer is planning to achieve the comparative study on conditions and rate 
of germination of pollen grains. Pollen grain of Brassica napus L. was chosen as 
the material. At present there are neither suitable culture conditions nor good ger- 
mination found as to the pollen grains of any Brassica plant. Sasaki!) reported pollen 
grains of Brassica campestris L. could germinate on sucrose-agar medium, but 
12.2% germination in the best was found only on the 1.0% agar medium containing 30% 
sucrose. Shisa?’) said that 54.6% of pollen grains of a Brassica plant (Suigukina) could 
germinate under special conditions such as pH 7.6. Thus pollen grains of Brassica could 
not germinate easily on culture medium. The present writer found pollen grains of 
Compositae*), Triticum vulgare) and Zea Mays*) could germinate more favourably on 
the thin layer of gelatin medium. In this paper the writer will report the results 
obtained by experiments with pollen grains of B. napus cultured on gelatin media. 


Material and Method 


Culture experiments of the pollen grains of Brassica napus L. were done during 
April 6—9. The flowers of the plants in the field were used. Yellow coloured- 
gelatin** (yellow-gelatin), gray coloured-gelatin** (gray-gelatin) both made by Yasu 
Chemical Industrial Co., Shiga Prefec. in Japan, and colourless-transparent-gelatin** 
(Merck-gelatin) made by E. Merck in Germany, were used. These lean or sweetened 
media were warmed and materials in sol state were pasted thinly on slide glass by 
the same method as the former experiments**). When the medium was solidified 
by cooling in the air, the pollen grains were seeded with a small blush. The prep- 
aration was put into petri-dish of 18mm. in depth and 90mm. in diameter in which 
the humidity was kept with a piece of wet filter paper. In five fields, each contain- 
ing about 100 grains, the number of germinated grains was counted, then their 
percentages were calculated. 


Experimental Results 


Exp. 1 Favourable culture conditions 

Lean and sweetened media containing various gelatin were made to optional 20u 
thick layers, then the pollen grains were seeded on them. They were kept in the 
moist chamber (100% R.H.) in which the humidity was kept with wet filter paper 
adhered to all of the inside walls of a petri-dish. Germination was seen on 30—70% 
yellow-gelatin at the room temperature and the best germination ratio was 24.1% on 
10% sucrose-60% gelatin. On gray-gelatin, in the range of 20—60% germination. 
was seen and the best germination was 7.8% on 10% sucrose-50% gelatin. No ger- 
mination was seen on Merck-gelatin. As the medium of 10% sucrose-60% yellow- 
gelatin was the best for the germination of the pollen grains of B. napus, the same 
medium will be used in the following experiments. 


* Crop Science Laboratory, Faculty of Agriculture, University of Kyushu, Fukuoka, Japan. 
** The gelatins are all manufactured from the same origin namely cow, pig and whale. The 
colour is diverse, corresponding to their quality. 
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a) Thickness of medium ' 
Various thick media of 10% sucrose-60% gelatin were prepared and the thickness 


of them were ascertained by the way as shown in Figure 1. Pollen grains are seeded 


Fig. 1. The measuring way of medium thickness. 
Pg: Pollen grain M: Medium 
Sg: Slide glass mt: Medium thickness 


on each of the two positions of the slide glass one position of which is pasted with 
the medium and the other is not. The microscope was focussed to the pollen grain 
on the former position, and then to that on the latter one. The difference between 
both pollen grains at the two positions was measured by reading the revoluting paces 
of the microscrew at focussing; this difference is equal to the thickness of medium 
layer. Pollen grains were seeded on media of various thickness and those prepara- 
tions were kept in 100% R.H. at the room temperature. The results was shown in 
Table 1. The best germination ratio was 75.3% on the 40u thick medium. In this 


Table 1. Germination and plasmoptysis of pollen grain in accordance with the 
thickness of medium of 10% sucrose-60% gelatin at 17°. 


Thickness of medium (/) 10 «ole 20:12 25 30 af85:qt40: 45 eSOyeG0ere/D B88 
Percentage of germination 1.2 4.8 22.6 38.3 46.7 68.5 75.3 48.9 42.5 11.8 0.9 0 
Percentage of bursting 21.3 24.3 58.5 42.0 28.3 17.7 14.5 7.0 0 0 0 0 


case 14.5% plasmoptysed pollen grains were seen. They increased on the media thinner 
than 40 and 58.5% plasmoptysed pollen grains were seen on the 20 thick medium. 
On the other hand on the medium thicker than 404, plasmoptysed pollen grains de- 
creased and at last on the thick medium over 50, they were none. 


b) Humidity in the moist chamber 


A round wet filter paper of 11cm. in diameter and then 1/2, 1/4, 1/8 and 1/16 
pieces were put into petri-dishes. They contain 1m/. water. Thus, every chamber 
of various moisture was prepared. Each of the 40s thick media of 10% sucrose-60% 
gelatin where pollen grains were seeded was put into each of those moist chambers at 
the room temperature (17°). The result was shown in Table 2. The best germina- 
tion ratio was 98.7% in the humidity by 1/4 piece of a wet filter paper in width and 
in that case plasmoptysed pollen grain was none. The wider the filter paper, the more 
plasmoptysed pollen grain increased. ; 


Exp. 2. Germination in the improved culture condition 


40 thick media of various concentrations of lean and sucrose gelatin were pre- 
pared and the pollen grains were seeded on them. The preparations were put into 


Nov.-Dec. 1960 Kuso, A. 455 


Table 2. Germination and plasmoptysis of pollen grain in accordance with degree 
of the width of round wet filter paper (r=55 mm.) on the 40y thick medium of 
10% sucrose-60% gelatin at 17°. 


Width of found Biter . 

paper (r=55 mm.) 1 1/2 1/4 1/8 1/16 
Percentage of germination (isis) S)ayeall 98.7 94.1 9123 
Percentage of bursting 1g: Spas os bs) 0 0 0 


the moist chambers where the humidity was kept by 1/4 piece of the wet filter paper 
at the room temperature. Germination ratio and tube length are shown in ‘Table 3. 


Table 3. Germination ratio and the tube elongation on the sucrose-gelatin medium 
in the moist chamber with 1/4 wet filter paper at 17°. 


Concentration of sucrose Concentration of gelatin (%) 

(%) o 10 20 30 40 50 60 70 80 90 

; Germination ratio (%) fF Re ELT LAND 

(0) 0 0 42.9 94.6 23.5 14.5 85.7 28.0 70.5 48.2 

10 2.6 0 18.6 56.2 18.1 48.0 98.5 0) 0) 0 

20 OFSST58205, 2 Obes0) Gleziebeese. 095.0 0 0 0 

30 ORS205) F267 231 2085e 2856 Ws0ele els 5 0 0 
~| Tube length (u) : 

0 0 0 630 2240 336 420 840 560 168 48 

10 126 0 350 630 980 1960 1400 0 0 0 

20 28 84 224 980 630 1680 616 0 0 0 

30 0 28 490 168 126 560 210 48 0 0 


Good germination ratios were seen specially at two concentrations of 30% and 60% 
in lean gelatin medium. They were 94.6% and 85.7%. And the best germination 
ratio was 98.5% on 10% sucrose-60% gelatin medium in sucrose-gelatin medium. On 
the other hand the longest tube was 2240 on 30% gelatin medium. Next the long 
tube was 1960 on 10% sucrose-50% gelatin. But, the tube length was 1400 on 10% 
sucrose-60% gelatin which showed the highest germination ratio. 

Exp. 3. Shapes of germinating pollen grains 

The set as shown in Figure 2 was used, in order to observe the varied shapes of 
germinating pollen grains. That is, 10% sucrose-60% gelatin which showed the best 
result was pasted in the thickness of 40% on a slide glass and the frame of a wet 
cardboard was set on it, then the frame was covered with the cover-glass. Thus, a 
moist chamber was prepared. And the pollen grain was observed under the microscope 
as it was in the chamber. Variations of its length and width were asin Table 4. In 
3 minutes after the pollen grain was placed on the medium, its length shortened and 
its width extended quickly. In 15 minutes they changed very slowly, after that the 
change was not seen at all. After 34 minutes pollen tube began to develop. 


Table 4. Variation of the size of pollen grain. 


‘Time (min.) 0 3 9 15 27 34 


Length (x) | 49.0 44.8 42.0 40.6 40.6 40.6 Germination ratio 92.8% 


26.6 28.09 29.4 32.2 32.2 32.2 Bursting 0 % 


Width (1) | 
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Fig. 2. The observation method of germinating pollen grain. 


Pg: Pollen grains F: Frame 
Sg: Slide glass Cg: Cover glass 


Discussion 


When the pollen grain of B. napus germinates, it changes its form and swells 
quickly at the first stage, but later such change is scarcely seen. Such phenomenon 
has already been observed also in the pollen grain of Triticum vulgare’). And such form 
of water absorption seems to be just achieved by the mechanism in the thin layer of 
hypertonic gelatin medium as follows. The more thinly the medium is pasted on a slide 
glass, the more quickly gel change of medium progresses. The pollen grain seeded 
on such very thin layer of gel medium can not contact well to it. Therefore, there 
is no water relation between medium and pollen grain. But the moisture in the air 
is sucked gradually into it by the action of hydrature equilibrium®) and deliquescence 
in medium. Consequently free water become abundant near the surface of medium. 
In this case the pollen grain should suck the water quickly to be swollen. On the 
other hand the water penetrates into the deeper part of the medium, then the medium 
becomes sticky or swells. So, the layer increases even its thickness’). For that 
reason, the pollen grain is close enough to the medium. When the pollen grains of 
some plants?‘:8) could not suck the water from the thick layer of hypertonic gelatin 
medium as in this case, the water absorption is controlled strongly by the swollen 
medium too. Water is sucked enough at the first stage and only little at the later 
stage. Hardly germinable pollen grains generally can not regulate water absorption 
by their own ability’), so the swelling form of pollen grain to germinate is owed to. 
the feature of water supply’ from»medium. Tokugawa?) succeeded in germinating 
the pollen grain of some plant of Compositae on the medium when sucrose solution 
was given slightly on the slide glass. Walderdorff!') dried 10% gelatin solution and 
allowed the pollen grain of Oenothera germinate very well. By the writer’) it is verified 
that the pollen grain of Cosmos which could not germinate on the thick sucrose-agar 
medium over 1mm. could germinate on the 10“ thick medium. Therefore there is. 
nothing but to be thought that water supply in the thin layer of medium benefited 
germination, Of course, there are questions in the explanation of Kuhn!) that the 
thin layer of agar medium amasses the special substance which stimulates the ger- 
mination. But though the thin layer of medium enables them to germinate the above 
mentioned pollen grains, the results were not satisfactory. Such results were seen 
also in the other gelatins and the germination was not always good. It will be owed 
Peas ee of puke supply of medium is unfavorable to the pollen grain. The. 

e water su was di i i i 
ie oath, afttes a - ere if oe quality a8 thickness of medium. And 
ones. Such difference of the Siomio ai i HGaiG hie ee A 
gelatin as amino acids. Sawada!*) had alread eh al fete ite mee: ae 
y confirmed that some amino acids stimu- 
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lated the germination action of pollen grain very well. However, the writer can not 
pass over that amino acid or other substances in medium may vary the condition of 
the water supply from it or water suction by pollen grain. 


Summary 


1) The pollen grain of Brassica napus germinated best on the 40 thick medium of 
60% yellow gelatin contained 10% sucrose, but the pollen grain plasmoptysed very 
much in the 100% relative humidity. The thicker the medium, the more plasmoptysed 
pollen grain decreased. 

2) Even on the medium of optimum concentration the pollen grain plasmoptysed in. 
the 100% R.H. of the moist chamber, but in lower humidity no pollen grain plas- 
moptysed and the highest rate of 98.5% germination was obtained in the optimum 
humidity. 

3) The pollen tube was the longest, 2240, on the 30% lean gelatin medium. But 
the tube length was 1400 on the 10% sucrose-60% gelatin which permitted the. 
highest germination. The tube length did not always go together with germination 
ratio. 

4) The water economy should exist between the pollen grain and the medium, as. 
follows. When the thin layer of gelatin medium absorbed air moisture by the action 
of deliquescense and hydrature equilibrium, the moisture stay at its surface, the 
pollen grain sucking the water and swelling quickly. Then, the water gradually 
penetrates into the deeper part of the medium accompanying the decrease of excess. 
moisture from the medium surface. Thus the water absorption of the pollen grain is. 
controlled properly for germination. 
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Since the dry matter production of plants depends on their photosynthesis, the 
characteristics of the latter in natural phytoplankton have gradually become manifest 
with the progress in the study of the primary production in waters. se 

Among the various features of photosynthesis, the information on the characteristics 
of the light-photosynthesis relation seems to give us the most basic knowledge for the 
analyses of the primary production in phytoplankton community. This precise in- 
formation especially makes the indirect approach to the primary production such as 
the chlorophyll and tank methods as accurate as possible, whereby the primary pro- 
duction is assessed with combining the photosynthesis-light curve and the illumination 
in water. 

As has been well known by plant ecologists, in the leaves of the terrestrial 
plants, two patterns of photosynthesis—sun and shade leaf patterns—can be classified 
with the features in the photosynthetic response to varying light intensities. Con- 
cerning the said photosynthesis patterns, however, it has not yet been investigated 
adequately in natural phytoplankton, though contributive studies were reported recently 
by several investigators as Talling'), Rodhe et al.”), Steemann Nielsen*), and Ryther and 
Menzel‘). The present study has pursued the light-dependent photosynthesis patterns 
in natural phytoplankton and also the process of the differentiation of the patterns. 


Methods 


The sample waters used in this study were taken from various depths of a lake 
by hand pump. The photosynthesis was measured by the “C method in oligotrophic 
samples and by the Winkler method in eutrophic samples as employed in a previous 
study’). The sample waters filled in 100 m/. glass bottles were illuminated in a water 
bath with a 500W flood lamp. The light intensities falling on the bottles were re- 
gulated with varying distances of the light source. After 2-3 hr. illumination, the 
photosynthesis in clear bottles and the respiration in dark ones were determined. The 
standing crop of phytoplankton in the sample water was measured by means of 
chlorophyll amount determined by the pigment extraction method. The characteristic 
of the shape of photosynthesis-light curve was indicated by quantity /, an equivalent 
to the light intensity where the extrapolations of the initial linear region in the pho- 
tosynthesis-light curve and of the light saturation region intersect. This quantity was 
first proposed by Talling (1957, p. 36)') as an indicator of the characteristic of photo- 
synthesis-light curve. Steemann Nielsen’) has also employed / as a useful indicator 
of the photosynthetic characteristic of phytoplankton population. The value of % is 
about 6000 lux in the typical sun form and 1500 lux in the shade form of natural 
phytoplankton in some Japanese lakes. 
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Seasonal change in photosynthetic activity of natural phytoplankton 


Fig. 1 shows the seasonal change in photosynthetic activity of phytoplankton taken 
from the depths of 0, 2, 4,6 and 8m. in eutrophic lake Fukami*. Each value in the 
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Fig. 1. Seasonal change in photosynthetic activity of natural phytoplankton in lake Fukami 
(Sept. 1956-Aug. 1957). 


figure represents the gross photosynthesis rate obtained at the light saturation point: 
and the im situ temperature. The intensive rate was found in spring, midsummer and 
autumn, and the lowest one in late summer and winter. These features of the sea- 
sonal change resembled fairly well to those obtained by Gessner) and those reported 
in a previous study’), although in the latter the photosynthesis was measured in the 
surface phytoplankton under field conditions. ; 

In May, a marked decline of photosynthetic rate appeared in the surface layer of 
lake Fukami, but this may be postulated as an abnormal phenomenon caused by the 
toxic effect of parathion which entered into the lake from the surrounding paddy 
fields. According to Sano and Matsui’), the photosynthetic activity of phytoplankton 
was reduced remarkably by the addition of small amount of parathion (1 ppm.) into: 
the culture solution. 

The difference in photosynthetic activity was also observed among phytoplankton 
taken from various depths within a lake, and this could be observed distinctly during 
the stagnation period in midsummer. At this period, the photosynthetic activity of 
phytoplankton reached its acme in the surface layer and it successively decreased as. 
the depth increases. During the circulation period in spring and autumn, the activity 
was nearly the same in all phytoplankters within a photic layer from surface to 4m. 


depth. 
Usually the difference in photosynthetic activity due to the changing depth can be 


* Fukami-ike, located in Nagano Prefecture, has an area of 0.02km?. and a maximum depth: 
of 9m. 
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‘geen clearly in deep lakes but such difference occurs slightly in the shallow lakes 
(Ichimura, in press). The above facts may be interpreted on the basis of the photo- 
synthesis pattern characterized by the sun and shade phytoplankton. 


Sun and shade forms in natural phytoplankton 


In the planktonic algae cultured under controlled illumination, the shade forms 
can be discriminated in small size and in rich chlorophyll content, but accompanied 
with low assimilation numbers, from the sun forms. In natural phytoplankton, how- 
ever, there is no clear morphological discrimination and, moreover, inevitable difficulty 
exists in precise determination of chlorophyll content in phytoplankton which may 
hardly be separated from organic matter of various origins suspending in the water. 
Here physiological distinction of both forms in photosynthetic pattern seems to be the 
problem remaining to be studied. 

The photosynthetic pattern in phytoplankton was examined with the data obtained 
in lake Fukami, a small, eutrophic and deep lake. It shows a high turbidity with an 
annual change of the Secchi disk reading from 0.6 to 1.9 m. According to the 1956 
and 1957 measurements in situ of the photosynthetic rates, the compensation depth 
ranges between 3—4m. throughout the year. Dominant species constituting the phy- 
toplankton community were diatoms and green algae, and the taxonomical difference 
of phytoplankton species could not be observed in vertical distribution as well as in 
seasonal change. Although the benzol extracts from the samples of various depths 
indicated brown or bright green color, the absorption spectra were almost similar. 

In Fig. 2 are represented some of the photosynthesis-light curves of waters 
‘sampled from the depths of 0, 2, 4 and 6m. with 2-week intervals throughout the 
year. There, the characteristic photosynthesis-light curves, which correspond to the 
well-known photosynthesis curves in the sun and shade leaves of terrestrial plants, can 
be clearly found in natural phytoplankton. 

The sun type photosynthesis curve was usually obtained in the surface phyto- 
plankton in the early summer and autumn, and the light saturation point was indicated 
about 15—20 kilolux and the compensation point 600 lux. On the contrary, the phyto- 
plankton taken from the deeper layer showed mostly the shade type with 5—6 kilolux 
of the light saturation point and 200 lux of the compensation point. Furthermore, it 
is noticeable that the photosynthetic rate within the range of low light intensities 
increases linearly with increasing light intensity and each photosynthetic rate re- 
presented per unit amount of chlorophyll fits fairly well to an identical line, although 
the photosynthesis-light curve in each sample indicates the characteristic pattern ac- 
cording to the difference in depth. Such feature in photosynthesis curve has already 
been reported by Steemann Nielsen*) in marine phytoplankton. This fact seems to be 
important for the ecological study of the primary production, because under field 
conditions deeper phytoplankton is generally exposed to underwater illumination, in 
which every photosynthesis light curve falls on each other. Hence, the dry matter 
not particle dajiart fret valtié ented, BeeaT cf tM Aine aeRO 

t ained by using the photosynthesis curves of 

the samples from various depths. 
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Fig. 2. Photosynthesis-light curves in phytoplankton of varying depths and vertical change 
in photosynthetic activity in lake Fukami. 
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100 : ties were Synedra acus and Pediastrum 
: duplex in winter and spring, while Micro- 
cystis aeruginosa in autumn. The sun form 
was found in the early-summer phyto- 
plankton and the shade form in the winter 
ue one. 


Fig. 3. Seasonal change in photosynthesis 
pattern in surface water from lake Kasumi- 
gaura. M: May 16, S: Sept. 16°O:.00€..2/ 5 
D: Dec. 14, 1955. 
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Taxonomical and regional difference in photosynthesis pattern 


Using the various kinds of cultured marine phytoplankton, Ryther®) obtained a 
series of photosynthesis-light curves and concluded that the green algae, diatoms and 
dinoflagellates could respectively be considered as ‘‘sun’’, ‘‘intermediate’’ and ‘*shade”’ 
form. According to the study made by Talling') in Windermere, the fresh water 
diatom showed the shade type. In a previous paper”), the author also suggested that 
in the natural fresh water phytoplankton, green and blue-green algae act as the sun 
form and diatoms as the shade form. Verduin™) found that the photosynthesis-light. 
curve determined in phytoplankton taken on cloudy days was significantly different 
from that determined on clear days, the former was the shade type and the latter the: 
sun type. 

1100 The photosynthesis-light relation should be dis- 
4 cussed on the basis of the data obtained under the 
optimal conditions for each alga. For that reason: 

the photosynthesis-light curves were compared among” 

the three natural planktonic algae, each of which. 

growing densely in the eutrophic waters. The light 

50 saturation of photosynthesis for these curves appears. 
at 18 kilolux in blue-green algae (Microcystis), at 15 

kilolux in green algae (Pediastrum, Eudorina), and at 

12 kilolux in diatoms (Synedra, Melosira). All of the 

photosynthesis-light curves in these planktonic algae 

indicated on the whole the sun-like type with slight: 

3 difference. As pointed out by Ryther*), the distinc- 
0 pts : ce tion of photosynthesis pattern in different species may 
aT Ee not have any ecological meaning on the primary pro- 


Fig. 4. Regi i : . 
18 egional difference of duction in natural water, because the above species. 
photosynthesis pattern in 


PSM cin Tl Che in 4 generally appear together in the same community. 
ments were wae Pee The photosynthetic responsibility of phytoplankton. 
1956. A: Ashino-ko (oligo.  t0 the varying light intensities also differed regionally 
trophic), H: Harunako (me- through the difference in the environmental factors. 
sotrophic), K: Kasumigaura By comparing the photosynthesis-light curves obtained 

(eutrophic). in the samples from several lakes which are dissimilar 

in their character because of regional difference (cf. Fig. 4), some significant 

differences can be seen among these curves. Each curve was obtained in the sur- 
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face diatom population at the growing period in May. The phytoplankton communi- 
ties were floristically nearly the same in three lakes and consisted of Asterionella 
gracillima, Melosira italica, Synedra acus and Fragilaria crotonensis. The curve K 
indicating the photosynthesis in the eutrophic lake Kasumigaura is a sun-like type and 
it reaches the light saturated point at ca. 15 kilolux. Whereas the curve A obtained 
in the sample of the oligotrophic lake Ashinoko presents the typical shade type, of 
which the light saturation is obtained at about 6.5 kilolux. The sample taken from 
the mesotrophic lake Haruna indicates the intermediate curve H, light saturation at 
12 kilolux. In marine phytoplankton, Steemann Nielsen’) observed the obvious regional 
difference in the photosynthesis pattern, although he could not find any simple cor- 
relation between the latitudes and light adaptation of the phytoplankton even at the 
same time of the year. 


Factors affecting differentiation of photosynthesis 
pattern in phytoplankton 


As described above natural phytoplankton can be divided into two forms of sun 
and shade through the photosynthetic characteristics and this result coincides fairly 
well with those obtained by Steemann Nielsen*®), Ryther and Menzel‘) in marine 
phytoplankton. However, the factors affecting the differentiation of photosynthesis 
pattern have not yet been clarified satisfactorily under field conditions. As has been 
illustrated by many ecologists, the characteristic pattern of photosynthesis-light curve 
provides the important clue for the analyses of ecological problems in plant communi- 
ties such as dry matter production, plant succession and shade tolerance, etc., 
therefore it seems also indispensable for the study of the primary production to clarify 
the causes determining the photosynthesis pattern. 

From the study of the unialgal culture in the laboratory, several factors such as 
light intensity, temperature and nutrient concentration are surmised as the factors 
involved in the differentiation of photosynthesis pattern and among them the light is 
the most essential. The planktonic algae cultured under bright illumination indicate 
usually the sun type photosynthesis, and the shade type is obtained in the algae which 
are cultured under weak illumination. 

In natural phytoplankton, the photosynthesis pattern changes with decreasing light 
intensity from the sun type in surface layer phytoplankton to the shade one in deeper 
phytoplankton. However, it was confirmed by the following experiments that the 
effect of past history of light condition on algae in photosynthetic character does not 
remain for a long period after the algae were transferred to the different habitat in 
light condition. The first experiment was undertaken with the sun form phytoplankton 
taken from the surface layer of lake Teganuma in June. The sample waters filled 
in 10/7. glass bottles were kept under the variously controlled sunlight in the green- 
house and the change of the photosynthetic character in the samples was pursued. 
As can be seen in Fig. 5, the conversion could be detected after one day and it was 
completely established in 10% and 3% of sunlight after 4 days but hardly in 30%. 

Another experiment was made in the samples from the depths of 0, 2, 4 and 6m. 
in lake Nakanuma in July. According to the difference of sampling depth, the photo- 
synthesis pattern in the initial samples differentiated definitely into the sun type in 
the surface sample and the shade type in the samples of 2, 4 and 6m. The sample 
waters intended for the measurement of photosynthesis were filled in flasks of 2/. and 
exposed under 8000 lux in a growth chamber at 20°. After 2 days, the photosynthetic 
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activity in each sample was measured. 
As the results, the samples taken from 
the depths of 2 and 4m. were transformed 
completely into the sun type. The sample 
from 6m. had not any changes in photo- 
synthetic character and remained in its 
shade type. The chlorophyll amount in 
the water from 2m. depth increased from 
initial value of 0.042mg.// to 0.459mg.// in 
one month after the sample was kept under 
natural full sunlight, while that in the 
water from 6m. depth increased only its 
value from 0.014mg./l to 0.018 mg./l. 
Furthermore, the compensation depth de- 
termined by means of ‘‘7m situ’’ measure- 
ment was 4m. From these results, it 
can be deduced that the shade-like photo- 
synthesis curve obtained in the sample 
from 6m. depth may be indicated by the 
deteriorated phytoplankton. 

As another factor referred to the 
differentiation of photosynthesis pattern, 
the temperature is normally conceived 
from the current knowledge on the phy- 
siology of planktonic algae. Uusally, 

LIGHT INTENSITY klux algae grown at moderate high tempera- 

Fig. 5. A) Differentiation of photosynthesis ture under the enriched condition repre- 
pattern in natural phytoplankton kept sent the sun type, whereas those cultured 
under various light intensity. Figures on at lower temperature show the shade 
the lines indicate percentages for direct type. Fig. 6 indicates theveffecteofeteni- 

sunlight. Samples were taken from the : on a 

SrEee oP iakecTesamemn arene rte, perature upon the differentiation of the 

B) Photosynthesis-light curves after 4 photosynthesis pattern of natural phyto- 

days from the start of experiment. O plankton. The samples from the depths of 

danntes initial value: 0, 2 and 6m. in lake Fukami in October 
were incubated 6hrs. separately in the 
dark at constant temperature of 22°, 15° (im situ temperature) and 7° before the 
starting of the experiment. In spite of such short incubation, the differentiation of 
photosynthesis pattern corresponding to the difference in the temperatures was 
observed. The sample being kept at 22° showed the sun-like type and contrary 
the shade type in sample at 7°, but the sample from 6m. depth did not react actively 
to the difference in temperatures. The experiments described above may suggest 
that the phytoplankton contained in a layer deeper than the depth of compensation 
is likely to be deteriorated algae. 
The difference in photosynthetic characteristics was also referred to the magnitude 
of nutrients dissolved in the water. According to Edmondson’s experiment!*) in a 
small pond, the effect of fertilization on the photosynthetic activity appeared remarka- 
bly in 3 days after the fertilization. Also the author!®) observed that the shade-like 


photosynthesis pattern in phytoplankton from oligotrophic lake transformed to the sun 
type only in 2 days after fertilization. 
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Fig. 6. Effect of temperature on photosynthesis pattern. 


During summer season, the nutrients contained in the surface water are usually 
almost exhausted by phytoplankton even in eutrophic lakes and consequently the 
photosynthetic activity of phytoplankton decreases. As for these phenomena, an ex- 
periment was undertaken with the sample water from lake Teganuma in September 
1956. The amount of NH:-N and NO;-N in the water was almost nil and PO.-P 
could not be detected colorimetrically. After addition of nutrients, the samples were 
stored for 24 hrs. in a growth chamber at 8000 lux and 20° and then their photosyn- 
thetic activities were measured. As seen in Fig. 7, the effect of the fertilization on 
the photosynthetic activity can be seen clearly and it may also show that the defici- 
ency of nutrient in water transforms the sun type photosynthesis to the shade one. 

The serial experiments described above 8 
may suggest that the photosynthesis pattern 2 
in natural phytoplankton is not the genetic b 
character peculiar to species but determined 
by the physio-ecological condition of phyto- 
plankton. © 


a 


Cc 


Fig. 7. Effect of fertilization on photosynthesis 
pattern. a: PO,-P 0.5mg./l, NO;-N 0.5mg./J. 
b: PO,-P 0.5mg./l. c: NO3-N 0.5mg./l. d: 
initial water. 
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Process of differentiation in photosynthesis pattern of phytoplankton at field 


Using i, Fig. 8 denotes the seasonal change in the photosynthesis pattern ob- 
tained in lake Fukami, and suggests the process of the differentiation of photosynthesis 
pattern in natural phytoplankton. During the circulation period in autumn, the phy- 
toplankton from the photic layer indicated the nearly sun-like photosynthesis type 
(=5300 lux). This might be attributed to the vertical mixing of the water mass, 
through which the surface phytoplankton and subsurface phytoplankton were mixed 
and they would be exposed moderately to the bright illumination. Moreover, the 
photic layer was enriched by the upwelling of stored nutrients from the deeper layer 
and such circumstance may provide an excellent condition for the formation of the 
sun form phytoplankton. 
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Fig. 8. Seasonal change in photosynthesis pattern denoted by I. 


These anticipations could be confirmed by the slight graduation in the water tem- 
perature and by the increase of nutrient concentration in surface water at the autumn 
overturn in September and late October, when the circulation of water took place 
completely. Incidentally, the low turbidity at this period is also surmised as one of 
the causes relating to the formation of sun form in deeper phytoplankton, because 
light can penetrate into the deep layer. 

In the winter stagnation period, with decrease of the water temperature, the 
photosynthesis pattern transformed rapidly to the shade type (J<=1000—2000 lux), 
while it recovered again to the sun type in the spring surface phytoplankton. Because 
the spring overturn in lake Fukami was not notable and the mixing of water took 
place only within the upper layer, a vertical differentiation of photosynthesis pattern 
was found in the phytoplankton in varied depths, namely & was 5500 lux in the sun 
form surface phytoplankton and 1000—2000 lux in the shade form deeper phytoplank- 
ton. This differentiation became more striking in the stagnation period of midsummer. 
At this period, the agitation of water is slight and the phytoplankton in deeper layer 
can not shift easily to the upper layer. Consequently, the plankton is kept for a long 
period under a weak illumination in the deeper layer, though there the water is 
enriched as a result of the decomposition of the precipitated organic materials. 

As indicated in the previous section, the shade-like photosynthesis curve (k= 
2000 lux) in the late-summer surface phytoplankton undoubtedly must be caused by 
the deficiency of nutrients, since PO.-P, NH:-N and NO;-N were completely exhausted 
during this season. 

The shade-form phytoplankton in the deeper layer may be referred to the inactive 
photosynthesis in the deteriorated phytoplankton, although the distinction between the 
real shade form and the deteriorated one is rather difficult only through the charac- 
teristics of photosynthesis curve. 

With the beginning of the circulation of water in autumn, the process of the 
differentiation of photosynthesis pattern will be repeated. Usually, the differentiation 
of photosynthesis pattern in the vertical direction did not developed definitely in 
shallow lakes as the result of the complete circulation of water. 
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Summary 


Photosynthesis pattern relating to light intensity and the process of the differen- 
tiation in pattern have been pursued in natural phytoplankton community of lakes. 

1. Phytoplankton growing in a lake can be classified into the sun and shade 
forms through the characteristics in photosynthesis-light curve. The typical sun form 
phytoplankton is usually obtained in the surface layer phytoplankton in early summer 
and autumn, and the phytoplankton taken from deeper layer acts as the shade form. 
During late summer and winter, all phytoplankton in a lake indicates the shade type 
photosynthesis. 

2. The photosynthesis pattern differs with difference of species but the difference 
is rather slight under the optimal environmental condition for each species. Regional 
difference in photosynthesis pattern can be observed definitely. The phytoplankton 
acts as a sun form in enriched water of eutrophic lakes and a shade form in poor 
water of oligotrophic lakes. 

3. The factors relating to the differentiation of photosynthesis pattern, i.e. light, 
temperature and nutrients, are ascertained experimentaly. However, the effect of past 
history of environmental factors on the photosynthesis pattern does not hold for a 
long period and the pattern rapidly transforms through the change of environmental 
factors. 

4. The differentiation of photosynthesis pattern directly refers to the movement 
of water in lakes. During the circulation period, all phytoplankton in a photic layer 
show the sun-type photosynthesis pattern and with stagnating of water the photosyn- 
thesis pattern differentiates into the sun type in the surface phytoplankton and the 
shade one in the deep-layer phytoplankton. 


The author wishes to express his cordial thanks to Prof. M. Monsi and Prof. K. 
Hogetsu, under whose guidance this research has been carried out. 
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In previous papers'~°), it was reported that in Pharbitis seedlings the first phase 
of the inductive dark period was relatively light-stable and that the last phase of the 
16-hour dark period (12th—16th hour) was also relatively stable to the light but not 
so much as the first one. 

Light-sensitivity of the inductive dark process is considered to vary with time 
during the dark period. In the present investigation, the dark process was divided 
into several phases, and the light-sensitivity of each process was investigated. 


Material and Methods 


Seedlings of Pharbitis Nil, strain ‘‘Violet’’, were used as material. Procedures 
of experiments were similar to those described in a previous paper®). To secure 
monochromatic light, interference filters combined with coloured glass were used. 
Spectral transmittances of these filters were also described in the previous paper®). 

A 16-hour dark period which induces a maximum flowering response in Pharbitis 
seedlings was divided into 4 phases, each consisting of 4 hours. These phases may be 
characterized as follows: 

Ist phase: relatively light-stable: a brief light interruption given during this phase 
does not inhibit the flowering response'””). 

2nd phase: a brief light interruption given during this phase inhibits flower initia- 
tion to’ some extent’). One 8-hour dark period consisting of the lst and 2nd phases 
is subcritical for flower initiation and does not induce flowering even if it is given 
repeatedly’). 

3rd phase: a brief light interruption given during this phase strongly inhibits the 
flowering response’). One 12-hour dark period consisting of the 1st, 2nd and 3rd 
phases can induce flowering when given repeatedly, but is critical for flower initiation 
when given once?®’), 

4th pahse: a brief light interruption given during this phase inhibits flower initia- 
tion to some extent’). One 16-hour dark period consisting of the lst, 2nd, 3rd and 
4th phases induces a maximum flowering response and further lengthening of the 
dark period does not increase the flowering response?'’). 

Plants were subjected to light of various intensities or qualities during each 
phase. They were kept in darkness during the remaining 3 phases. 


Experiments and Results 


Experiment 1. Plants were divided into 4 groups. The first group consisting of 
6 lots of 40 plants each was subjected to daylight fluorescent lights of 500, 200, 100, 
50, 10 and 1 lux during the first phase. The 2nd, 3rd and 4th groups each consisting 
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of 6 lots were also subjected to these lights during the 2nd, 3rd, and 4th phases, 
respectively. During the remaining 3 phases, all plants were kept in darkness. Con- 
trol plants were subjected to dark periods of 12 or 16 hours. 


Table 1. Light-sensitivity of the dark process in the lst, 2nd, 3rd and 4th phases 
of a 16-hour dark period. Each phase consisted of 4 hours duration. 
Plants were subjected to daylight fluorescent light of 1—500 lux during the lst, 
2nd, 3rd or 4th phase and kept in darkness during the remaining 3 phases. 
(Treated on June 22 and dissected on July 6, 1959) 


Phase sub- Intensity No. of e of No. of % of 
jected to of the light plants pce flower buds plants with 
the light (lux) dissected S or jd per plant terminal 
| x flower bud 
500. 37 100 3.1 0 
200 36 100 4.3 63.9 
I 100 36 100 4.9 ae 
50 37 100 4.5 100 
10 37 100 4.8 100 
1 38 100 4.6 97.4 
500 38 0 0 0 
200 38 2150 0.2 0 
Il 100 3M, 89.2 ib-3} 0 
50 38 94.8 2.6 220 
10 38 100 3:7 18.4 
1 35 100 5.0 80.0 
500 37 0 0 0 
200 38 0 0 0 
Ill 100 37 0 0) 0 
50 38 0 0 0 
10 38 0 0 0 
Hl 36 55.6 ay 0 
500 37 0 0 0 
200 38 0 0 0 
IV 100 36 2.8 0.0 0 
50 38 50.0 0.7 0 
10 37 83.8 i 0 
if 36 100 oat 2520) 
Control 12h d 36 0 0 0 
Control 1645 d oxe 100 4.8 97.3 


12h d: 12-hour dark period 
165d: 16-hour dark period 


Flowering responses are shown in Table 1. None of the plants subjected to un- 
interrupted darkness for 12 hours (Control) initiated flower primordia, but all the 
plants subjected to light of 500 lux during the first phase and to darkness during the 
remaining 12 hours initiated flower primordia. Thus, the process taking place during 
the first phase appears to be very stable to the light. 

Intensities of the light under which about 50 per cent of the plants initiated 
flower primordia were 100—200 lux in the 2nd phase, 1 lux in the 3rd, and 50 lux in 
the 4th phase. The 3rd phase is most sensitive to the light, the light-sensitivity of 
the 4th, 2nd and 1st phases decreasing in the order named. 

Experiment 2. The first phase of the inductive dark period appears to be very 
stable to light. To investigate whether or not the light-sensitivity of the lst phase 
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is influenced by the light-intensity preceding it, the following experiments were 


undertaken. 

Plants were divided into 3 groups, and each group was subjected to the following 

light conditions for a 12-hour period. 
1. Bright sunlight (20,000—100,000 lux) 
2. Diffused natural daylight (Plants were placed in the shade; 3,000—6,000 lux) 
3. Daylight fluorescent light of 1000 lux. 

At the end of these treatments, plants of each group were divided further into 7 
lots. The first five lots of all groups were subjected to 4 hours of daylight fluores- 
cent lights of 2000, 1000, 500, 200 and 100 lux respectively, and thereafter to 12-hour 
darkness. The 6th and 7th lots were subjected to 12 and 16 hours of darkness re- 
spectively. Results are shown in Table 2. 


Table 2. Effect of light-intensity of the pre-illumination upon light-sensitivity of the 
dark process in the first 4 hours of a 16-hour dark period. 

Plants were subjected to bright sunlight (20,000—100,000 lux), diffused daylight 
(3000—6000 lux) or daylight fluorescent light of 1000 lux for 12 hours, and 
thereafter to 4 hours of daylight fluorescent light of 2000—100 lux 
followed by a 12-hour dark period. 

(Treated on July 9 and dissected on July 23, 1959) 


pera No. of % of No. of % of 
Pre-illu- during ‘the plants plants flower plants with 
mination first 4 ihre dissected with buds per terminal 
: flower buds plant flower bud 
(lux) 
2000 35 8.6 0.1 0 
1000 34 55.9 0.6 0 
; 37 86.5 1.3 0 
arse 200 35 91.4 1.5 0 
100 37 97.3 1.8 0 
Control 12hd 37 0 0 0 
Control 162 d 36 97.2 1.5 0 
2000 36 83.3 1.1 0 
1000 34 97.1 1.2 0 
“fr a 500 38 100 2.9 15.8 
cenont 200 36 100 4.8 91.7 
100 37 100 4.8 97.3 
Control 12h d 38 15.8 0.2 0 
Control 165 d 38 100 ses 26.3 
2000 | 35 68.6 0.7 0 
Daylight 1000 : 35 88.6 1.2 0 
fluorescent 37 100 8.2 24.3 
1000 lux | Control 12h d 37 97.3 Wd a0 
Control 16 d 38 94.7 3.7 28.9 


Plants subjected to a 12-hour dark period preceded by bright sunlight, diffused 
daylight, or fluorescent light of 1000 lux initiated 0, 0.2 or 1.1 flower buds sete plant 
respectively. That the plants subjected to a 12-hour dark period preceded by Aurea 
cent light of 1000 lux initiated more flower buds than those pre-illuminated with bright 
sunlight or diffused daylight, may be attributable to the fact that the first process of 
the inductive dark period proceeds to some extent during the pre-illumination, i.e 
during the 12-hour illumination with daylight fluorescent light of 1000 lux. oldu 
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As a whole, plants pre-illuminated by bright sunlight initiated fewer flower buds 
than the others. For instance, the plants subjected to a 16-hour dark period preceded 
by bright sunlight initiated only 1.5 flower buds per plant, whereas those pre-illumi- 
nated with diffused daylight or daylight fluorescent light of 1000 lux initiated 3.3 or 
3.7 flower buds per plant. Light of exceedingly high-intensity seems to be un- 
favourable for photoperiodic induction of Pharbitis seedlings, but details are unknown. 

Light-stability of the first phase does not appear to be influenced by the intensity 
of pre-illumination. In all three groups, the first process is assumed to proceed to 
some extent under light of 2000 lux and to the same extent as in the darkness under 
light of 200 lux or less. 

Experiment 3. Spectral sensitivities of the 4 phases were investigated. Plants 
were subjected to coloured light during the 1st, 2nd, 3rd or 4th phase of a 16-hour 
dark period, and kept in darkness during the remaining 3 phases. The coloured 
lights used were violet (406 my), blue (489my), red (649 my) and far-red (747 my); 
the spectral energy distribution of each is similar to that described in a previous 
paper®). Intensities of the coloured light at the leaf surface were adjusted to 1000, 
100, 10 and 50 erg/cm.?/sec. in the 1st, 2nd, 3rd and 4th phases, respectively. Control 
plants were subjected to a 12- or a 16-hour dark period preceded and followed by 
natural daylight. 
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Fig. 1. Spectral sensitivity of the dark process in the lst, 2nd, 3rd and 4th phases. 
Plants were subjected to coloured light during the 1st, 2nd, 3rd or 4th phase of 

a 16-hour dark period. Intensities of the coloured light were 1000, 100, 10 and 50 

erg/cm.2/sec. in the lst, 2nd, 3rd and 4th phases, respectively. 
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One of the data is given in Fig. 1. Control plants subjected to a 12-hour dark 
period did not initiate flower buds, and those subjected to a 16-hour dark period 
initiated 4.8 flower buds per plant. Fig. 1 shows that the spectral-sensitivity of the 
dark process varies considerably with the phase of the dark period. During the Ist 
and 2nd phases far-red radiant energy is more effective than red. During the 3rd and 
4th phases red radiant energy is more effective than far-red. Blue is less effective 
than violet in the first phase, but the reverse is the case for the other phases. In 
all phases of the dark period blue and violet are less effective than red or far-red. 


Discussion 


Light given during the inductive dark period inhibits the flower initiation of 
Pharbitis seedlings in various ways. 

1) The light shortens the dark period, i.e. the light given during any phase of 
the dark period prevents the reaction which should proceed during that phase in 


darkness. tert 5 
2) The light nullifies the dark process, i.e. it inhibits flower initiation even if a 
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dark period of sufficient duration follows ico 

Nullification of a dark process appears to take place in two ways: 

i) One is based on a so-called ‘‘light-break effect’’, which is effective only during 
the first 6 to 14 hours of the dark period irrespective of the duration of the dark 
period’). The most effective portion of a spectrum for the ‘‘light-break effect” is 
red, and this flower inhibitory effect may be reversed by a following far-red irradia- 
tion? ™"), 

ii) The other is brought about by far-red irradiation, and we call this a ‘‘far- 
red effect’’ in the present paper. A brief far-red irradiation given during the first 12 
hours of the inductive dark period inhibits flower initiation irrespective of the duration 
of the dark period’). Far-red given prior to the inductive dark period also inhibits 
flower initiation?**7?”). The mechanism of flower inhibition caused by far-red irradia- 
tion (‘far-red effect’) appears to differ from that of ‘“‘light-break effect’’’?). The 
former is considered to bring about some changes or conditions which prevent the 
following dark process, and reversed by a subsequent irradiation with red. The latter 
is considered to destroy some substances (maybe precursors of flower-inducing sub- 
stance) produced during the first hours of the dark period, and may be reversed by 
a subsequent far-red irradiation’). 

These may be summarized as follows: 

Light given during the inductive dark period has three effects, i.e. a) it shortens 
the dark period, b) gives a ‘‘light-break effect’, and c) gives a ‘‘far-red effect’’. 

Which effect is a predominant factor for suppressing flower initiation, depends 
upon the light quality and the phase during which light is given. 

In Experiments 1 and 2, daylight fluorescent light which comprises little far-red 
was used, and it may not be necessary to consider the ‘‘far-red effect’’. ‘“‘Light- 
break effect’? appears to be a predominant factor for flower inhibition in Phase 3. In 
Phase 1, the effect of shortening a dark period may be predominant, but in Phases 2 
and 4, it is uncertain which effect is predominant. 

In Experiment 3, monochromatic light was used. In the first and the second 
phases, far-red was the most effective portion of a spectrum for flower inhibition. 
However, many experiments reported in previous papers***) suggested that the first 
phase and probably the second phase can proceed under far-red of relatively high 
intensity. It is assumed that far-red given during these phases has a “‘far-red effect’’ 
and prevents the following dark process, but scarcely inhibits the reaction which 
should proceed during these phases in darkness. 

In the third phase, ‘‘light-break effect’? may be a predominant factor for flower 
inhibition. Red light was the most effective. This agrees with the findings of Borth- 
wick ef al.}°1!). However, blue light was less effective than violet, which does not 
agree with the results of Borthwick e¢ al. 

Except for far-red, red radiant energy is most effective throughout the inductive 
dark period for suppressing the dark process. An interesting fact is that the blue 
light is less effective than violet in the first phase, but more effective than violet in 
the other phases. The first phase is very light-stable and the spectral sensitivity also 
differs from the others. Light given during the first 4 hours of the inductive dark 


period has no “‘light-break effect’. This may be the reason why the first process 
differs from the others. 


Nov.-Dec. 1960 TAKIMOTO, A., et al. 473 


Summary 


An inductive dark period of 16 hours was divided into 4 phases consisting of 4 
hours each. 

1) Light-sensitivity of these 4 phases was investigated. The first phase was most 
stable to the light, the light-stability of the 2nd, 4th and 3rd phases decreasing in the 
order mentioned. The first phase proceeded to some extent under daylight fluorescent 
light of 2000 lux, but the 3rd phase did not proceed under light of 10 lux. 

2) Light-stability of the lst phase was not influenced by the light-intensity pre- 
ceding it. 

3) Spectral sensitivity of the inductive dark process varied with the phase. 

During the 1st and 2nd phases, far-red radiant energy was more effective than 
red. During the 3rd and 4th phases, red was more effective than far-red. In the 
first phase, blue was less effective than violet, but the reverse was the case in the 
other three phases. In all phases, blue and violet were less effective than red or 
far-red. 


Grateful acknowledgment is made to Professor S. Imamura for his suggestions 
and criticisms. 
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The Spindle of the Yeast-Cell 
by Akira YUASA* 
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The opinion that a yeast-cell contains a normal nucleus which is observed in the 
higher plant has been advocated by various authors [Guilliermond (1910)*), aed 
(1927)°), Beams, Zell and Sulkin (1940)'), Sinoté and Yuasa (1941)*!), Yuasa (1958)?"), 
Swaminathan (1958)22, Hilde and Douglas (1957)*) etc.]. On the other hand, the so- 
called vacuolar nucleus has also been advocated by some authors [Wager (1898)*, 
Wager and Peniston (1910)**), Marpamn (1908)!*) etc.]. Lindegren (1951, 1951)*°""), and 
Townsend and Lindegren (1953)**) has the opinion that the spindle (the nucleus of 
Guilliermond and others) contains the chromosome and the chromosomes appear in 
the vacuole during the course of nuclear division. 

The mode of the nuclear division of the yeast-cell has also been discussed by 
many investigators. Amitosis was observed by Guilliermond (1910)°), Beams, Zell 
and Sulkin (1940)!) and others. Hashimoto, Conti and Naylor (1959)°) and Hashimoto 
and Naylor (1960)’ also thought, using the electron-microscope, that the nucleus 
divided by amitotic process. Mitosis was advocated by Kater (1927)*), Sinotd and 
Yuasa (1941)?!), DeLamater (1950)?), Lindegren, McClary and Williams (1955)"*), 
McClary, Williams and Lindegren (1957)'*), Yuasa (1958)?7) and Swaminathan and 
Ganessan (1958)?*). 

During the course of nuclear division, the centrosome or centriole was observed 
by Ranganathan and Subramaniam (1947)'*), Subramaniam (1951)?2), DeLameter 
(1950)?), Swaminathan and Ganessan (1958)*8) and Yuasa and Lindegren (1958)?8). 

One of the reasons that the situation of nucleus and nuclear division has not yet 
been clarified is owing to the fact that the membrane of a yeast-cell has the special 
composition and that the fixation and staining of the yeast-cell is difficult to accom- 
plish. According to Northcote (1954)!*) the cell-membrane of the yeast-cell is com- 
posed of galactan, mannan, lipid and proteid. 

So the present writer tried, at first, to get the good fixation and staining of the 
yeast-cell by various methods in order to make the structure of the cell clear. 

The present report is the results of the study on this problem. 


Materials and Methods 


The materials are the cells of Saccharomyces cerevisiae ‘‘Rasse’’ whose ploidies 
are uncertain. The cells were cultivated in the ‘‘Koji’’-solution. 

The cells were fixed and stained 6 hr after the cultivation. The methods of 
fixation and staining were shown, in detail, in the following chapter, respectively. 


Results 


1. Copper-ammonium solution 

The cells were stained with Giemsa’s solution after treated with copper-ammonium 
solution for 1 min.—3 hr. The cell-membrane is somewhat destroyed and deeply 
stained with Giemsa’s solution, so the nucleus can not be observed clearly. 


* Department of Biology, College of General Education, University of Tokyo, Tokyo, Japan. 
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2. Carnoy’s fluid 

Carnoy’s fluid penetrates very rapidly into the cell through the membrane and 
fixes the nucleus. Therefore, the staining with acetocarmine-solution, Giemsa’s solution 
or nucleus-staining dyes is very much effective when cells are fixed with Carnoy’s 
solution. 

Dilute solution of HCl or perchloric acid makes remove RNA, so the staining with 
nucleus-staining dyes is very good to stain the nucleus, when cells are fixed with 
Carnoy’s solution and then treated with dilute solution of HCl or perchloric acid. 

The contents of the vacuole of yeast-cell are different from those of the higher 
plants. Carnoy’s fluid fixes the contents of the vacuole of yeast-cell rapidly and the 
form of the vacuole is reserved adequately, though the fixation of cytoplasm is not 
good. 


3. Cell-wall lytic enzyme 

The extract solution of cell-wall lytic enzyme was prepared according to Furuyama 
and Ikeda’s method (1960)*). The yeast-cells were treated with this extract solution 
for 5—60min., hydrolyzed with 1 N-HCl for 5—15 min. at 60° and stained with 
Giemsa’s solution. The nucleus was stained clearly, located near the vacuole. The 
nucleus is positive to Feulgen nucleus staining reaction. 

The various nucleus-staining dyes (carmine, gentian violet, methyl-green, safranine 
and thionin) can stain the nucleus clearly after the above-mentioned treatment. 


4. Benda’s solution 

Benda’s solution is a good fixative to fix cytoplasm. To get the good figure of 
vacuole, Benda’s solution was used and then Carnoy’s fluid is used to make the stain- 
ing dye penetrate rapidly. Perchloric acid-Giemsa’s staining was adopted. 

The nucleus was not observed clearly. The cytoplasm stains deeply, so the 
vacuole can not be seen obviously. 

Sometimes the cells were fixed with Benda’s solution after the pretreatment with 
Carnoy’s fluid and then stained according to the above-mentioned technique. But, 
the result was not good. 


5. Schaudinn’s solution 
Schaudinn’s solution is a fixative which fixes the cytoplasm considerably well. In 
this case, the staining is very faint. 


6. Champy’s solution and Flemming’s solution 

When yeast-cells were treated with the cell-wall lytic enzyme, hydrolyzed with 
1 N-HC! and stained with Heidenhain’s iron-alum haematoxylin the nucleus and 
vacuole were reserved adequately, but many granules in the cell stain deeply and 
hinder the observation of the nucleus. 


7. 45% acetic acid 

45% acetic acid is a good fixative which fixes the nucleus and vacuole. The 
nucleus can be stained clearly with the solution of toluidine blue or Giemsa’s staining 
dye after the fixation with Carnoy’s fluid. 

45% acetic acid can be recommended as one of the good fixatives of nucleus. 
8. Cadmium chloride 

1% CdCl, is a good fixative of the spindle. In this study, cells were suspended 
in 1% aqueous solution of CdCl, and observed by phase-contrast microscope. 

Spindle can be observed somewhat clearly and stained with the solution of tolui- 
dine blue. wae 
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The nucleus changes to spindle and the chromosomes appear in the spindle when 
the nucleus divides [cf. McClary, Williams, Lindegren and Ogur (1957)"), Lindegren 
and Lindegren (1951)!%)]. This process of mitosis was traced in this study by elec- 

n-microscopy. 
s The cee treated with cell-membrane lytic enzyme, hydrolyzed with 1 N-HCl 
for 7min. at 60° and stained with various spindle-staining dyes (aniline blue, ery- 
throsine, fast green FCF, methylgreen, light green, malachite green, basic fuchsin, 
toluidine blue or eosin). In the case of toluidine blue, spindle can be stained, but in 
the cases of other dyes spindle can not be stained. 


9. Vital staining 

The cells were vitally stained with various solutions of staining dyes (trypan 
blue, trypan red, Isamine blue, neutral red, Janus green, brilliant cresyl blue, methylene 
blue, Bismarck brown etc.). The cells were cultivated in the ‘*Koji’’ solution which 
contained the vital staining dyes in concentration of 0.01, 0.001, 0.0001%. 

The number of the cells after the cultivation of 24 hours is as follows: 


Vital staining Concentration 0 0.0001% 0.001% 0.0124 
dyes Initials 
Control 7.2 x 10° 9.0109 = — = 
Neutral red 7.2 x 108 — 8.5x 10° 7.1x 10° 6.9 x 10° 
Janus green 7.1.x 108 — 8.1 x 10° 8.2 x 10° 7.9x 10° 
Methylene blue a2 105 — 8°5x 10° 8.3 x 10° 9.2 x 10° 
Bismarck brown 7.2X 108 — 8.7 x 10° 7.8x10° 8.3 x 10° 


In this case, only several~16% of the cells are stained and the remaining cells 


are not stained. The cause of unstainability is not certain and remained to the future 
study. 


Fig. 1, a-f. Schematic 
representation of mito- 
sis of yeast-cell. 

Ci centrosome; 

ch, chromosome; 

n, nucleus, 

Ss, spindle; 

v, vacuole 

a, resting nucleus is 
seen. b, nucleus 
changes its form. , 
nucleus changes. to 
spindle and chromo- 
somes appear. d, two 
daughter nuclei are 
seen. e, f, one of the 
daughter nuclei enters 
into the bud. 
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Discussion 


One of the reasons why there are many opinions about the structure of nucleus, 
chromosomes and mitotic apparatus in yeast-cells is that the cell-membrane has 
specific composition and there are some difficulties to fix and stain the chromatic 
substance and achromatic materials. 

Northcote (1954)!*) confirmed that the cell-membrane of the yeast-cell is composed 
of glucan, mannan, lipid and protein. Eddy and Rudin (1927)%) also stated that the 
cell-membrane of yeast-cell contains galactan, mannan, lipid and proteid. 

Therefore it is thought that adequate methods should be considered to get good 
fixation and staining of the yeast-cells. Carnoy’s fluid and 45% acetic acid can pene- 
trate quickly into the cell and fix the chromatinic substance adequately. In this case 
the cell-membrane shows no obstruction to the fixation. 

Carnoy’s fluid can also fix the contents of the vacuole which seems to be the 
specific substances. This fixative can not fix the cytoplasm adequately, but preserve 
the vacuole well. 

The cell-wall lytic enzyme which has been discovered by Furuya and Ikeda 
(1960)*) is effective. The cells which have been treated with this enzyme can be 
fixed and stained considerably well. 

The hydrolysis with HCl or perchloric acid is also effective in taking off RNA 
of the cell and bringing good results to the staining. 

Therefore, the treatment with cell-wall lytic enzyme, fixation with 1 N-HCl for 
several minutes and then staining with aceto-carmine solution, Giemsa’s solution or the 
solution of nuclear staining dyes is the most effective method to observe the nuclear 
materials. 

The nuclear material which was shown by this method is also positive to 
Feulgen’s nuclear staining reaction. 

The fixation of vacuole of the yeast-cell is difficult, but Carnoy’s fluid, 45% acetic 
acid or Flemming’s solution can fix the contents of the vacuole considerably well, 
though the fixation of cytoplasm is not effective by these fixatives [cf. Lindegren and 
Rafalko (1950)!”)]. 

To get the good fixation of the spindle, Sat6 (1959)?°) used the solution of CdCl: 
in his electron-microscopical study of the cell of higher plants. This fixative is also 
effective in yeast-cells. The present writer wants to recommend the fixation with 
solution of CdCl. and then the observation with phase-contrast microscope to observe 
the spindle of the yeast-cell. 

Hashimoto, Conti and Naylar (1959)°) studied the process of mitosis of yeast-cell 
by electron-microscopy. They showed a good figure of nuclear division and seemed 
to have the opinion that the nucleus divides amitotically. 

The present writer also studied the process of mitosis in yeast-cell by electron- 
microscopy and compared with that which was fixed and observed by phase-contrast 
microscope. | 

The detail will be published in the next paper, but it is thought that the nucleus 
changes to spindle of the mitosis in which chromosomes appear, overlapping the 
vacuole. 

The figure which was thought to be amitosis is the stage in which one of the 
daughter nuclei after mitosis is about to enter the bud. 

The vital staining of the yeast-cell shows an interesting fact that only several~ 
16% of the cells stain, and the remaining ones do not stain. The reason is not clear 
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now and it must be remained to the future study 


Summary 


1. The Carnoy’s fluid and 45% acetic acid are good fixatives to fix the nuclear 


material of yeast cells. 

2. The method in which the treatment with cell-wall lytic enzyme, the fixation 
with Carnoy’s fluid, hydrolysis with 1 N-HCl at 60° and staining with aceto-carmine 
or Giemsa’s staining are used subsequently is very effective to observe the nuclear 


material. 

3. The solution of CdCl: is effective to fix the spindle of the yeast-cell. 

4. Carnoy’s fluid, 45% acetic acid and Flemming’s solution can fix the contents 
of the vacuole fairly well. 

5. The nucleus changes to the spindle when the mitosis begins and the chromo- 
somes appear in the spindle, overlapping the vacuole. 


The present writer wishes to express his cordial appreciation to Dr. S. Itagaki 
and Mrs. M. Osumi for their assistance in this study. 
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Figs. 1-3. Carnoy’s fluid-1 N HCl-Giemsa staining, after the treatment with cell-wall 
xca. 2800. 1, metaphase and the stage in which one of the daughter 


lytic enzyme. 
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nuclei enters into the bud. 2, the same. 


A. YUASA: The Spindle of the Yeast-Cell. 


Plate 2. 


Figs. 4-6. Electron-microscopical photographs. _n, nucleus; S, spindle; 
4, nucleus is clearly shown. 5, 6, nucleus changes to spindle. 


A. YUASA: The Spindle of the Yeast-Cell. 
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neesved: al plants flower 
S primordia 
mg. /l % 
5 13 92.3 Heal cy 
1 | 13 100 2.09 
5 Vie Pak: 100 2.33 
13 100 2.92 
(control) 


ae The values show the weight of FeCl;-6H,O. 


x Ee 2. 

KR 1 OF RIS OTS C ei UCR 
HL LKBA CH SM, CORMCIEA MEA, 
FGA MEE, HSV MPIC E ACROSS 
BRBOBOARRIGICLOLID RHEL EZSD 
RHASIirD, ROCK < MHA. 

(A) SA MPERT E CIR LARCH 20 
Shit, SHLMAITNT Img/l OReEF2S, 
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(B) (AMBRE * Oa, WEISS <D 
CEAWEATAT Img/l OKEFAS. 

(C) SERMAIEUC 9mg/l OREFAS. 
(XS FA) 

CHic Lo CAbnRBRAG 2 RTE LD. 

SRO AEE CLE WD ICON CEP Be 
bw Lica,’ BEECATEPMIC IE LA EVER SF 
Stpemote. Civb RAAT HR Lic iatHy eR 
WROCEK< Chok. KEL, COCA 
MT HCG 9mg/l LLERRELA, AWE 
WES <DCENUEE Ki I9mg/l CE LKKE 
B, SRKECCHObL, ShicHmLeRFlst 
giz (mg/l %&) kHSbLTHS. 

ABA OROBOOMICISEIRS 1 % CH REDS 
bok. Lal, BRAT, SSC BRADBOA 
DE CORN 4 alRE 5 % CHR EMS 6 Nish 
siz. A—0.1 } B—0.1, A—5 & B—5, A—0.1 
i COBOBO CA FHF [ERS 1 BV CHRED 
hb, A-1l &CiHS*CLARBR<, ASB t 
C Cis A—5 OF2D5 %O fel CAI HLT 
Vay Aols 

x RR 3. 

XR 2 CLONE REG LIC UTHER LHUG 
MAEM cOMRE LONG, RR CARO 
I#ze LOO, RMOKiz 0.5% glucose *iRx» 
bMIRS2ic. (A) MAMFT 73 REI, (B) 
AAUEEIRS A 72 RET, (C) SAA MBB 73 Be fe. 
= OCH A MLEERT & WL BER iz glucose 5% Sih 
ULE A ESI OFC TRON C BASS, Ef 
{tL AGRE (FEAR A Cre ERIE LUCA BARS 
DCHS. 


Table 2. Photoperiodic responses of Pharbitis purpurea cultured with different 
iron-levels during the different period of photoperiodic induction. 


Iron-level* Average 
: Number Induced | number of 
Before During After of plants plants Soutes 
photoperiodic | photoperiodic | photoperiodic, observed ordi 
: E : : : : primordia 
induction | induction induction 
mg./l mg. /l mg. /l Yo 
0.1 0.1 16 94 1.63 
1 1 9 16 100 2.80 
S 5 9 16 100 4.00 
0.1 9 9 16 100 2.69 
1 9 9 16 100 2.69 
5 9 9 16 100 2.86 
9 9 9 16 100 325 
(control) 


* The values show the weight of FeCl;-6H,O. 


“Nov.—Dec. 1960 


Table 3. Photoperiodic responses of iron-deficient plants 
supplied with 0.5% glucose during the different 


period of photoperiodic treatment. 
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GLCUwWS. £nlckoee, BAM 
PRIS HE PIKIT EA EO XX LRH 


x _ bIVCAbREETATCHRLUTE 
Period of Number | eed Ey 5 e : 
supplying Iron-level* of plants eee. | Tee Re MSE RESIOE) PETE 
glucose observed | Pants primordia PADS CMA heh. 5. Be 
aI .e Ses ihe A io | ag BC OR Re Lee 
ore ingestion | 1 18 100 4.72 WKEPNTIENMMIETHS. L 
(for 73 hrs.) Le ae wee RMS, COCR BHI HIE 
<4 = 2 Smith 5 % tewiR & tS—B LEV 
During i. : ot 378) BAR ORM, hOOMAe Mi 
photo-induction . - aa = . a E 
(for 72 hrs.) | 9 18 100 7°33 CBE EDS RO SINT ote 2 Fay 
- —~—— CILFEFFRAM YTS, £05 eR 
Ake? mili 0.4 e an 2.78 cw CHR UC, COTES 
photo-induction z ie we 2 : fe : : : 
(for 73 brs.) 3 ie a, oi BULIKPAR PO RHIZ Eo CSU 
| + BLS Broke, COOLS eee 
0.1 15 5 2.20 ree eee 
events 1 15 77.8 2.73 BORWLRARKISOMBIZESS 
— 15 100 3.93 : Utd Mite SEES Hc He 
3 16 88.9 41.63 On, HS\IiAMRSSAM Slice 


* The values show the weight of FeCl3-6H,O. 


ZbOonRBGRILA 38#HICELOR. AMP IZ 
‘glucose &-5-% REO (EF RIL KH Img/l OW 
&, WREOCOL ) fess 1 % CHRIC Lind 
fe. LoL, it 0.lmg/l OBAICILHE Y BAS 
Bon, tr LAWicx IK OFA glucose & 
FARK LY &EF RID iedsoke. 

45 Fl MLER HT > SV VE MLLER J FE eB lc glucose & 4. 
RICE ITIL CH EF RIL SUS LS HM L 
ER, COMBITELRROXITLS BV RASH 
fe. CHEMIE LR Smg/l Ric ssid SEARO 
HMMNET LITWBUCS]LS, Mmg/l KEOM OR 
Metie <7, lmg/l REO i kas? o BES 
TS PERSE Ute. 

— RIT RAMRIREE OWE, glucose 2341 A MEERT 
CEA SNSZLWSUESL< EFRE Mins S23, 
46 A MICE ARB ICSE ORS 
Siro. , MA MEIC glucose £4254, 
BIREORES-2 KK CAEP RILMLD ST SIZ bd 
Pho, (RBH ORE 27K CMe ERE 
SA DIS S (AIA IZ dbo Fe. 


= = 
READ Die Biro CWSA, CUAL 
LARORRM Smith 62) BIC tre ICR 


SK ELOCHSPEMETSE LIU 
ABEC iS. 

RGR 2 OFF RIC IVC, FLA MEER ORAS ILE 
FRITS LA CBRE SATIRE EL OMICLE 
laird oreds, MUBBAA Is KOS PDATAS & IT SE 
AS EC db > TERT IL TERK A 7e YO BY Lite. KER 
DWC dies CRA HE Cao Te OER & O HE 
Db, PANE ORME GA QUERIUH E Polk BRR 
ICV TOA SUSLS, MEME OMAR RIS 
(ESIC RIT BEL CwvirmohEVw5 4. AM 

PERT & COMMA Smg/l CEHWERORMA YI 
mg/l Chore bLOCLERRIIMIRK (le 
WUC 9mg/l OReFAKEO) LO dbTAIIHw 
th Lic 2s, MERE Smg/l LAGke Fz ed oleh 
DVLXtIRK EO TERRY L, CORRE < th 
Chok. FARCHE VDRVGS ITI A 
RTBORROWDARL DT, TEFBULWIREO 
LOLVOMY LK. ChHOORRMbS, AROBE 
DAR E TALLER OIE MO BRKO O56 Sle 
KET SEAL, TET MOWS KO lefo ky 
fev kjltBbns, GFO1 As R alc ls & 
ALHBOA UR EEO E CER LICIAD, 
BEECHES bHIcb OL YRMEORWMITa < 
HLT DS, FOROLARIL < Nie L ME Lic}). 
ekvyyay © CHAM OnS BAA 
SRARKIeMDS ERMUCKEDY), ChbL ORI 


482 


DMM OA MISH D> Cld7EV>. 

FEO MILA RMRERDS CLIT CIERAS 
HCWS) 2, FEA MBBAT L WITH OBI Cis 
4 < AO CHEATURIL Vd US LS fee Sr 
fe. LOL, MPR OWAICILRORMIBEIT IST 
TERT MILA te OHS. COMAILMA UH 
GORAC, TEATRO ARLE OE CHES 
HichOChS5. Hipko—Me MAMET S & 
X APACER HIE, ARM RLHDONS 
LV} HG) BWHSM, CHO LOMMLW br 


wa 


1) Shibata, O., Bot. Mag. Tokyo 72: 477 (1959). 2) 
3) Struckmeyer, B.E., Amer. Nat. 134: 135 (1950). 
5) Lang, A., and Melchers, G., Planta 33: 653 (1943). 


Bogorad, L., Bot. Gaz. 18: 174 (1957). 
4) 36m 34, Mi#t, 73: 120 (1960). 


6) Borthwick, H.A., and Parker, M.W., Bot. Gaz. 101: 860 (1940). 


12: 35 (1949). 
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SOIREE OME LEO BA CHAI glu- 
cose DAES Brroteas, ChitsoOwOO 
geRic Lo CHMARKGROAICH BE FAO 
Ds, Ercre aM Te Kee bMBe HELE 
OPEV} HOMSEUKEOTCHSS. LeL, 
£OMMTE ITO THT T CE SENA IEW. 


OIC, MASK OBMRD & MME e VTE 
ALO HL AAICHBRERTS. 


Pi 
Smith, H.J., MclIlrath, W.J., and 


7) PuBAK, ZH, 


Summary 


Pharbitis purpurea Voigt was cultured on Knop’s solution whose iron was deficient in 


various degrees without inducing chlorosis in leaves. 


Three short-day treatments consisting 


of 8-hour light and 16-hour dark periods were given about 15 days after the germination, 


and flowering responses were observed. 


1) When iron was deficient throughout the period of plant growth, the effect of short 
day treatment was decreased with decreasing iron concentration. 
2) Iron deficiency preceding the short day treatment gave no influence on the flowering 


responses, but that during and/or following the short day treatment gave significant influences. 
The moderate deficiency of iron (5 mg./l of FeCl;-6H.O) given during the short day treatment 
increased flowering response to some extent, but reduced when the same iron-level was con- 
tinued after the short day treatment. 

3) It was considered that the flower initiation was inhibited not by iron deficiency during 
the period before the short day treatments, but by the iron deficiency after the short day 
treatment. The moderate iron-deficiency during the short day treatment may accelerate the 
flowering response. 

4) Plants were cultured under iron-deficient condition throughout the total period, and 
glucose was supplied before, during or after the short day treatment. The glucose promoted 
flowering response when supplied before or during the short day treatment, but inhibited 
when supplied after the short day treatment. A remarkable flower-promoting effect of the 
glucose was obtained under the moderate iron-deficient condition. 


Bot. Mag. Tokyo 73 : 483-486 (December 25, 1960) 
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Seasonal Variation in the Amount of 


Zoospore of Aquatic Phycomycetes in 
Lake Shinseiko 


1960 42 4 8 ASeft 


WANT 77 b YORI Rico cis, 
SCC < OWERESN CWA, AMHBELT 
HRSHS e UCHOSMEMRICMLTIS, MAS 
eR Cle EAR EM SNC EV. 

GERK, WHOKARMOMRBL, DEMO 
ICPRFWPREICL LEO, BRAM bT 
2s\c Lund'), Forbes?), Weston’), Waterhouse?) 
DUP || OTK A PARA % AE REA Ze th LO TE 
LROERSEICT SRV. AB LWKICEET S 
IKE AFA OVEFEF Re WT SHEEBRL, CO 
FEE AV CBAWITV.T 1957 #10 RL OH 
“69 Aiddte ) WEF ORM MAILS MALE. 


RRA m - 5 7 
WOW OUBITISV»T, 
45/4 Oke 2m [Elia & 
horCHI7rvARERKH 2 
eAVYCHIAKL, BITRE) 
EMI CAECAKHOIK 4 
FEA FA O WEE FRO aT 
Treo OICMOMER AZO 6 
Vs, FAR RIC ZK, YA FER 
ABEWELK. Ail — 8 
I elzeweat, Yatele seat 
yk Winkler #IzZ ko T 
YUE Lic. 


S 


% 
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7k & BER OA BHA BE 
A. HEEFRO BIL 
4 JG O WEFEF RO FS lks 1 Bic KS eB 


* PRO-MAAAD SSH 24 AKS (ill 
8 +1959) ev CHREL. 

** Department of Microbial Chemistry, Fac- 
ulty of Pharmacy, Tokyo College of Science. 
FR FE AB RD OE FS. 
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DOPRWAELES S. OU RIT ATS 
CHICA DH, (hO— sik db SRS AICIIC 
BUASNSHTC, Hic HbnsS. 

COL ICKAMMOMET OTE A AWA 
(6, (VE LMBR AL CWSA, MEF 2AO 
WER hb, AHIGHKCE SDC, BYORI 


YA TER O EE hi 


1957 1958 


Xt XT OU Ma 


Saprolegnia 
monoica 


Saprolegnia 
diclina 


Isoachlya 
eccentrica 


Achlya sp. 


Aphanomyces sp. 


Dictyuchus sp. 


Pythium sp. 
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PICRESCLOER ONS. MEADS, Wir 
ERIC CREAR US EDS LIE LISA 
WCVB), HL UET AA CR RK OF 
DEBICHESCLEMRLCWS. BAW ORF 
BPREOBAD HLH 3BicmsTk 5 ic, 12 Am» 
b 4A ¥ CAMBRILHKED: DRE CHET SA, 
WADE S SO Ads lL AE CLE 
DMEM RIT Tho CS. HEF O 
AY ARISES OVATE LCs 3 BFE UT Ue 
bh, BHORA DHL OMAAAS 
4. 

VEE FOB ie Aid» b BENS Ze 9 
CBAT SBR, LIE LIZTGEFOIA 
DHBiCMbirsS 2M). COMO 
ZB DRS CAE F OMA, 
8 Cit Saprolegnia © Aphanomyces: 
2s, WEE CALS Pythium ae 
oti Cis. 

B. MMOAMN SOIT 

HEM AH 

7k AA OZ AINA Re & BE 
fRTSIoDdIC, Che MAIC 
MA Lich RE SB 4 MlcHL 
fe. BeWDb>bebnk ia 
L7H C, MRIL3 A, 4A, 
1l HicSv.. WEE LE 
ZELRRICES, COPA 
Achlya sp. % RV 74 fat 
(Ctb Ch ote. “FRU L 
Ch bird fi Mik Aphano- 
myces sp. & Pythium sp. 
N2GC, HhoOMBoOnRT 
SMU XD THA v>. 

Saprolegnia monoica & 
S. diclina (LE LEBIT 
PEW Ab arteds, ABS) -e4 
ARYL) Ch IA BR Ze tH DS BLAS 
Sh, MMe h HRA O 
MEU REST FLAS BV KS 
aS. Dictyuchus sp. M4, 
FUEL R< , kdb MARIT 
Dit THB Lic. ¥ te Achlya. 
Sp. (EHR ATL Oia LEDS 


O% co / 
7G 
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IC&<, Aphanomyces sp. jX7KVRO(ME F LRABIC 
RACH S. Pythium sp. tk1FRMCOCHIT 
HES HISD, TEAS CHAR L KK OMB HHA DS 
ALS, Waterhouset) OHO )||-G Pythium 
Sp. BLEU UCHRTS LVMH, ABA 
fame ek << HRLCWS, 

REWO 1Ee HUCK ACW eek A eis 
Pythium sp. & Aphanomyces sp. CG, Achlya 
Sp. BOHMICK . hRBL MBC ENICHSH 
te Isoachlya eccentrica |XAFSRAER OE CHS 
Cera lcs<. 

OS ICH MA OF 74 & LL SL, Aphanomyces 
sp. OF PMLAHMlc Loc BLU BLeaRT. 
KAICTEA SAS C LEAL, YAM ROAR— ERC 
HSRC SAMCHS. COR Mic id 
Aphanomyces sp. (£32 )/E2. 5 IKK E COAT SLA, 
FEC WIERITB Ws. CORA Aphanomyces sp. O 
WEES DIEEF RD SHS L, HES ROOF 
WICEIBOME (FOCKIET SOC, TiO FL 
RABITILA 2 VEAKHNITCA SCL RBC OR 
PBICLEED, COMET MAWKITILIEO CRE 
CBwbOLBbNS. Pythium sp. eevee 
ZRBICRGAMT SA, (ABUT ISEEA b RIS 
ECOREAHERT. 


KERRBORBETHRKEX=OZA 
TKO RA EAT SRA L UTC, rit, 
HBR, KBR ERAZ NSM, WEF UR 
(CE ews ets LIST KRORVIEA SHS. BE 
WOR Mi7Kin & HEF Rt OMIA 5 MOL SC 
bo. COBR, SBrbBEN AA 2 CKO Eb 
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FUT Eb TE 3 EEF ROBILERA- 7, BErb 
ZBICMD 5 OR RKA-TFLEPS. 

le CARMI SUY Ch, BA-FLEKA-FLCH 
PES PS UEFO MAES LISTE RITA S. 
AA — 7 Oras 15~20°, A —- PT ORL 
(ti 10~15° CR. Ke HA - SOMEFRE 
HRT SL, AEE CRA -FOBBILS De 
as. TOLD PRIMO OBA, HICK 
MRI OHM DMR LCOS EOL BDSG. 

WIAOKE MAM OBR IR iC BIL Cit, OF 
FEB Lo CHRD F Lh HR UTI Eas, 
Bere!) (i Wisconsin OW ye CRABICHARE Wil 
fELTIED, (HOB< OMRBILoOChED DS 
HWS. SHIRAI Maal, KOKI 
FEA LC BIKAR AFA A RSA O EH BIT 
SFROCLEScCLRBAL, Lund) {ARS 
KeGRLCWS. Cave % MAO I MLA we 
FADED 2 55D, OM RDEF OVUM ASS 
HE4LOLBDNS. 


HL ih L HO MSA & OBR (%) 


mk Yd °C |5~10/10~15|15~20/20~25|25~30 
Saprolegnia. 9 6 9 22 ea 
monoica 


Aphanomyces 12 27 4 D 2 
sp. 
Pythium sp. 28 isl emmfe) 14 6 


OS ICREWICA bSAKEBRKA RM OM BUA 
BEL 7k t OMKAE A 1 RicAaA LK. Saprolegnia. 
monoica ti7Kie2s 10~20° OAHIce% <, 7KYDS 20° 
DLE ee BAIL < Hb a7evs, Cotner®) iz. 
knit, S. monoica var. glomerata Dike7eF IBS 
DAML 26° CHSLVWIA, COLA o 
VU ER LSE L << Bic BS. —fkiz Saprolegnia jx: 
HiRmtk Achlya JR? Dictyuchus ROR KRIT< bX 
CHES, MEOMAMOMMEIZ LOVBe XO R< 
PFZLOLEBbNS. Aphanomyces sp. Dixit 
imEe ts 5~15° CG, HULA EAT S & le 
FEF OTRAS bev». Aphanomyces euteiches 
Zavrclt Jones & Drechsler (t k#il?, WREF 
Fepwis 8~35° OFFI CHeES EVI"). Ef Cotner 
(LUE FIRS O spe wt th EE IL 26~28° Ch SoLVW 
58) BAW COMPRA Ic Lhik Aphanomyces 
sp. (LITA ORU RIC bh, AREAS 
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ZLWBLar <7), Cotner 4 DFE RR & 3K 
Lich, ARICWHBIC UY Cid, AKA UE F 
FEILER COVE K LSAT ARV LEDS BAF 
jek} ChB. Pythium sp. tt 5~30° ¥ COR 
CHIC ONSD, HICRELUBICS\. 


i a 
HAS LOA RAM (CHS BA Wize 1957 
4210 dsb SAE ECO 1G, TRAST IO BIE 
FOBMMHEEARL, OL OL ST RBRERT. 
1. 7kAE BR OVE FT RULE L KEO 2 HO Se 
KMS, BRLAKAO 2 (Ose SUAS EE 
ee 
2. IKERMOUWEF ORE AFM IC LOR 
{EBL <, DOOM AMEE LZ. — dt 2j8 
—RICPHT SMC, PRICK dH, fho—slt 
PETFRREBRGICDHTSbOT, BARS tie HIT 
Si bNS. 
3, KABMA7 BLOM), 


Saprolegnia 
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monoica, S. diclina, Isoachlya eccentrica, 
Dictyuchus sp. VET OUR KD RATIONS 
CHB h, Aphanomyces sp. (LZAICZ < , KTP 
eyEBicahonic.. Pythium sp. (L142 
UCHR LEM, RHE EO TKO BAF 7c RSH 
CHIZeV». Achlya sp. ZEORV RAIS 

4, PMC LoCHADMLBMC LICKS. 
joi XE Aphanomyces sp. pee HAT PLETE 
GOAT SD, PRPC BV. Pythium 
sp. X(EVEWNCISIGIC, MBCA L OP 
AAS S. 

5, IkéeRAOREF REM Re >, WAT 
Dike F TERIA OBA, HICTREAO 
HHMDIAT Sb O & Hea S14. 
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Summary 


1) The seasonal variation in the amount of the zoospore of aquatic Phycomycetes was 
studied from October, 1957 to September, 1958 in Lake Shinseiko, Kanagawa Prefecture. 
The number of the zoospore increased both in spring and autumn, and decreased in summer 


and winter. 


2) The vertical distribution of the zoospore varied with different seasons. There were 


two main types, i. e. the homogeneous distribution and the stratum one. 


The former appeared 


during the circulation period and the latter during the stagnation period. 
3) Seven species were obtained from the lake. Saprolegnia monoica, S. diclina, Isoachlya 
ecocentrica, Dictyuchus sp. and Aphanomyces sp. were seen from autumn to early spring, 


and Achlya sp. was found mostly in summer. 


with the maximum in spring and autumn. 


Pythium sp. was obtained through the year 


4) Aphanomyces sp. and Pythiwm sp. were distributed only in the surface layer during 
the stagnation period. During the circulation period, however, Aphanomyces sp. was distri- 


buted mostly in the bottom layer. 


5) The zoospore production may be influenced not only by the water temperature, but 
also by the multiplication of periphytic bacteria. The optimum temperature for the zoospore 


formation in some species was as follows. 
Saprolegnia monoica 10~20°, 


Aphanomyces sp. 5~15°, 


Pythium sp. 5~30° 
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Analytical Studies on the Anodic and 


Cathodic Positions of Prophylls in Some Dicotyledonous 


Plants I. 
1960 #24 15 eA 


FF B 

JAF SERA la HBC 1, > Ze db Gil] H (Pro- 
phyll) 23H MICHAET SBE A ES S IcH 
L, MPRA CLL ROMA RYY THATS COL 
LIMO LID CHS. SHERERTMFEMC 
i, COMMAS SB 1 AHe** (Prophyll a) O74 
Fi VLE OIA 6B he FEMI THT, FHOLA 
J SAile) (anodic side) #, EKILEORWARA 
(cathodic side) 2O2HWICKACY 4. MAO 
AMA ® dé fal H (anodic type), #4 & Kk ja H 
(cathodic type) MSc LiztS (Fig. 1. 
Hirmer!) 3s EK O 4 O—YRILAAMK CHE AH SHEER BA 
BEER UCTERBRANSTCERM< ERT SR, 
THUIIER 5 HEBER ROA HI OMRRL L 
CRETSCLERRTS. CHICKL, HRA 
BIC), BS OKA Dc Bdsb BE 
RE OUHONAAB AICTE), EDO" A DHA 
{EME RAKARNSLSX, “Efe Plantefol?) tk 
OF O— RIL WOAME Ait LO PRORFAR 
(Hélices foliaires) (C L7etio TH AAEMAHS 
LBAZTWS. CHOON, LADLE 
REARORRMETCL:<, Micdbnbnro nA 
PRA RITIAS Te CLICHE S. CORDS 
ELT, BRIT LAOUAS EMEC F OUE 
i, CHO LATA eM ac MODEM ic fk 
HAICRAT SCL, MAHROR ORV AKE 


* Biological Laboratory, Department of Gen- 
eral Education, Nagoya University, Nagoya, 
Japan. AH BKSRRDAWFAS 

OR NF HEH MUA AS 2 HED HATH (Prophyll ) 
LIPIEN SMB, AICCHICMHBL MIB ic ls We 
HUBOAEETOLITS. 


Introductory Remarks 


AVC MME L 5 S. ER-HE ORR, HSV 
WHELs, EROKZOLOOEE, KAT 
LIM LTH, HASHORBES-% 4% Ubi 
We, 

BRUHN Db, MICSHAKAL Sisk * OF 
DEO—-MEERD, EOLOSMARIT Bt SHO 
BEAMEEAL TRA, FORRES, 1) Sat 
HELV SIS AKITHE A) Ca SBA, 2) Aiki 
RF CHOSE, 3) MMI DIAL, 4% OPLICH 
ROA] OSL Aig BE LICE KA CRESLS 
Abner, Ld LAl—-MCbhd*E DHAELTY 
hWBA 4 GPR ok. Ef Troll*) jx Lupinus 
polyphyllus 7s ¥ OFT HILT CE AWOL 5 cae 
LOWS, Billo CHABSRAKRLOAT 
ik, DOFLEEOLI Clitok. COLI 
RBC, COMMIeHDY bee Likwok. Las 
LE08, Bk 2m ew st ray vF7#zZ 
(Erigeron sumatrensis Retz.) O 1 {fH Ojaar3xt ze 
HRs, ABO MM Bed» 5 IAM EMBO pl Be (Cd fe 
0, EHEHNOMBREE AM & BR LERR, Tit 
MA CHZLEA ETA TRAM CH SITKL, TAT 
OPE CIEL ALTA CHEM Ch YO, HALO PL 
RCIA DBE LTS CERMAK. COA 
OO LMAICOT, ERMEUMOEAAAYA 
+2 (Hrigeron canadensis L.) ICO\wCh AERC 
HECLEMSLL GC, FOHMO-BOM AL 
femikigc kR Ak. 

CHDK, AAAICOV CER OS 1 FRO HUA 
ab, TMM < ORIRICBS EC, WIE CH 
WeOBAAAE WEL, AROMAESROMEA 
OVW CHH UCRAT ST LICE LK. COG 
Dit 7c IEA GER < Filed Cie. Livers 
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o CHER OHA, Ha O 2 HDS 1 (AA EIC is» 
C, WieteSBEORRe RTD, ERMC 
WISCORKORMeWomMICFSceA, WE 
HEART SAHIEOM—AN CHS. SSICC OMA 
ILE L UCHR RAD AIREORAe THL, O 
US ClL AEE FPRRE RMIT UC, REOWMRE 
Efe Zw birt brPOMRe SCL ER 
OARETS. 

HEED Ds Te SHED h LICHRESN SAD, TH 
Kr»b OFFA Cho CT, FEREL UCIAAASEO 
ME RERSNCXK. FOL OAD BL 
BICC, COMPIMORRST 4 BAe Hee 
Z&%MC, fiitttta@ Hofmeister‘), Schwendener’) 
DROS < OFF AME HITTS. fthO—tkSE in 
CRAYNE NZ, HORE HRELY, 
FORERRE DNB T S 4 O-CG, Snow and 
Snow’) HME L, CORMAWHCLSARRY 
EL UEZEIM Lo Dab d. 

FER OB EL BARED BLOW Cams OT 
23, = OBAREAMEIL aH Ch 0, CHOWERLSES 
LOE RII LAE OARS ST, EOF R Ab 
FER OME BAT SICBELC, PEW MEERA 
Sy Cie, EMITKRL, AE CR ORS MF SAT 
HOGA AIL, WAL UCHA, BMOMRTS 
Ave 2MICRRERNTCUSOT, fl * DHEA 
RCHEL, FCOMRDA SORA MMUCHSCL 
D4EFITAT SAAR CHS. COL} HBA 
ICBIS SPT, 2 FW) AA: (distichous) # FeO 
WBaRRWYT, FRIZLEALRMESN TOTES, 

RFRA BAS SB HUE OBER 2 FILA SB 
B, COSMFORM BIL Th % HMI HEAL, 
FOE MER RT MOBS LIGEKE < AIB 
MCW, FB Y 2 ¥ (Frangula crenata 
Mig.) EO 4 WHAEE (ATO 2 7 -y ERRERE 
EMESHO) OPBCE, WBA YS PHM ic He 
AESTSCLEWMCWOS. EE LOM 2 WBA 
SSDP HM Cid, act CH 0 tew5, HF 1 UA 
BCH BERT AE Ts (Ay (CAA LCV AB PERS GR SE GB 
%. Ete Vicia, Pisum te ¥ OF ih Lk OS HEMK O 
Elk, #232 (subtending leaf) OTE AH 7 
FICAEB LOA MIC MAL LTC, COKRC-HO 
PMMA ATA, Dormer’) (LX OSM IE © fii 
ICISIFSEPS, CORAMLELTWSOICHE 
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L, ESHAMEO 2HORERZA ATE ASC 
B. CHIMP ORED HOR OMIMGE 
BrrZkedtC, GARABALA CCHS. HAL 
fede, Dormer (426 OMIA OReMREL 
CWSR, KLEFRA MAC MET SBE IIL, 
EOMBELUS FE OANICHEL, Mac R A 
4) DH Dd Sh» b CS. 

AU ts LOE OBA PIB AVN OM OZE 
AMELT, HL UCHEFH RD bY RT 
Vos, MESEHMOYVMEL, OHNE 
WHREPFZLOLASCEBCES. HALENE 
1 FEIL BEBE OFS 1 RAMEE CH DO, DREORS 1 AIL 
SB 1 UR MUR HAS 1 BEIM L, SLM EL 
STCOMLMALAMMICMET S26, filg, FT 
OBSLAU< MeAEAAMOMGLES. KEL 
2WAERFOUSICI, HAO E aRULAS LE 
RAELATWOC, THeAML UCHR BED 
fl 2 fA MICRA LCROMIC EMCEE. 


H#ds EVAL 
MEME UTHON< KORECHAT SMA 
BRD Te. 

1, BREFERT LOM. 

2. fabTScCewe< Ck, Fis LOEB 
MOD bRMOMICBSETC, biv7s < MAK 
WRFASEETS EO. 

3, AIRS Cac SERA,  OTRMD YE Efe 
IZTEPFITHS EO, 

4, Disdsb OROMrAL, EROBWZO, 

4 OGR, MRL 1 EA KE eld 2 FAOBA Ee 

LETICIA HNSE Lictrote. MRA MILE 
HITILAEDLOLAALLEA, BLA YE OW 
&, CORVDICMAL, BMAELOS< BSc F 
BEL, WHC 1 AC LICESTIEADEOA IA EE 
We UCR, FRE + ili LSS 1 BE + 9 2 - HB EDL 
FENER ORE OMB AH ERPS S. 
FURROC LES RM RICOU CHR, Cave ee 
UC, FEMS NRO HURT HE GAN MPL ORTH L 
MASTS) DRAMe TBS, ANAM AAT ES 
IHU DE LOPES BA — HY CORR 
TS. ' | 

HARD hieO AH ELLA DAIS, HE 
132 + OY 2 FED) POSER ED OME LGNESH DO 
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how g) 


wey 


1 


C2 


Fig. 1. Seedling phyllotaxis of clockwise 
spiral system. Cl, C2: opposite 
cotyledons. The prophylls of branches 
subtended by Cl, 1 and 3 are of 
anodic type, those subtended by C2 
and 2, of cathodic type. 


BRLERBHSM, APEOMWCS, WTHEEA 
he DF AL — IGE 2 HOLE CARH ANWS. Las 
LFEIIWETSL, FlH-H2RM COMES 
180° (C3EVeb, HH SHLROBAIAD 6 IEA 
bheEOA [a RHEL, COMIC 4 HE + OH + HF 2 
HE OMUCIEA 6 he RA AIC Bw ST SR, Fig. 1 
O= < HlLHODCE CMAP STH 2TH 
C2, CHICMAT SMA OFHBLA 1 $3 C1 LZ 
Slt, PI FREEADS IEOHMPBRLERMELT, & 
WENO Hips OW HEH [al & HE [aH - HOV 
TREITHATS. fTeEAVEM Cl, 1, 3% tH 
EABLET S MRA em H, C2 BLO2O 
4% Flt (CS. 
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EH OIA he OMF RIE OE eve WG Oe 
ANS TAA OPEL, VF HOMITI VY Th ARRO 
PALTV OTC, iW PASH ECL, bieo 
File DO WVETEM LUCHA LK. FER DIED AA 1 
Mh LOR Cig Lie, JERR OM AIMEDNEREL L 
C, FED be LAE CE eV EK 5 TEMAS E Hie 
kA bare. RAO L SAN AUGER RAT AB 
Y AAT ERAS RES < Bld, £irb OME 
I etD> 6 RSH Ue. 

— AA ORD IS DSC, TERRA 1 BERR O HBAS 
EHR AOR MM OMRITbEYD, EHENOR 
HERG AE ALIA FIC RCERT SC EL ARIT IL ABN AYE 
ChB. TA TeaEE tis ATIC ARE ASEET S BE 
JCS, SERENE CILER FS ClicRbNT Hifiz 
DBR LCSEOARICST, WESHIELED, BS 
Utd AC 4 Fe LC Bil SEAS EW & HERE CX Te Ds 
CHS. Lies TARO MNMA ERE L, 4 OMS 
eMNCK ER CPA MARTE HAE, BE 
OPIL & SICH UTR OFA Lek & 
I, Kd TEOMA OWI EAE AL, Ch 
PHADF—-R-LEMASLS. Mina OMP 
FAVS CTA DFAS SH SAL OTHE & HAT Sy, 
SERIES O BIALDRW IT 7 TU TH, SCA 
EROS Hifc Ch SHAHECE SLI, HDS 
DPUDEASRBOLKE UCB ALE STEW. 

DEVE 1 UAT SES AEH, Eh LOIEA 5. 
KEDAH SIME XL UCR ORI BE CH SB, 
HB ZUM ORMICOVCHAROBETC, B1MK 
(BE OFLA © he Di fed & TEMES Le. PWR OIE 
HOB AAS 2#O KIC Lo CT CUCRET SRE 
DCS. LAs LMRORRETCIL, HH 3EO 


2 2 
(<) (2) 
my, 


Fig. 2. Phyllotaxis of the proximal part of the axillary branch, showing the direction 
of genetic spiral (short arrow). In all figures the genetic spiral on the mother 


axis is clockwise (long arrow). 
cathodic. A, B: 


‘As AM” 
third leaf (3) abaxial. 


prophyll (1) anodic. B, B’: prophyll 


A’, B’: third leaf adaxial. 
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(HC KkoCRHSNSR, Eiht He OUEAS 
HEDLEAA MIDST LEM L7cv>. HAE 3 
(EW FHM CA HIT ALIS ST EDM CHS 
pi (Fig. 2,A, B), iil OWA % dS (Fig. 2,4’, 
B’), MCHbAtcLilt, M3 Mic bo 
L & (CHEAT IE ChA E SMOG bElL, CO 
Pit] DIEA DML SE OME [A DA — TH SB PD 
(Fig. 2,A), Bm HAIR Chak SNIKOLAS ED 
Hit, MihOt nL AR—K CH Y (Fig. 2,B), 
$s SHED AMM ITALES SX & ick Fig. 2,4’, 
B’), COMMA WIC S. 

SS 2KMRAEO BA MAEEEMT SBS, Gi 
YO 10 RHIC KSRACH 1 KMKROAE ME 
ELTEU, COMPRERHLER, BFOMAT 
i, ERICKA SMRMOBZW LODE EO? Hi 
MICH UTCKAL, WAICHHUCT OBR 
Cates 

BB SKU OMMEDRMRBEMO Belt, Phi 
HOTA bs 2K MI EORMBROWE & Hie7evd 
JICMdDHEOC, BAEK CLAMPS 77s 
2» CVr7el». 

FIT AV Pe BIE 1000 AAD EI RATE 
MMBLSSA, Dies 4} 200 HALEX IR OTS 
kjBdi. 

sth SAA CSL, MMPLALCHEF MO He 
a, AARC MRA AC OLR, HSOVIEAAK 
FETOLOL AMBRE LELOL OME 
OW mW Ae oe 
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iB SAE Be 

AAT VES ED Eh EOS 1 Hd» Woah ic 
ZENENO PMR DAT SF 1 RIO BI 
AB, SEOMIRICOT, BH ILO Me (BE 
fl, Sc AE IH EE FelE AS 1 VAR E OS P ALOE 
RED) CLICHE UCHR BAH OME (MEE) 
PAR LIDOR Fig. 3 AMCH), Chen se 
[ay AR BE the (Frequency curve of cathodic pro- 
phylls) LMSC LICSS. KK LBMLSDRAN 
ICRA LCHS. Fig. 4,BOAMEtHEA US 
DNCHSM, S5ic— HB GHRH IC MAE LCR 
ChS. COLA PP BNAICH I 2 BBA oO 
—e75{b (General variation) EMS. 

KARAT SEY, ARMPIT IIT SHIEO 
SERN EELS HC, PAREN PRATER ds ke 
ZCLA—-MMRTCE SA, Fig. 3 AMOTLS, 
EOP MCAS Mi ic ko CRABRMROME 
IRV SUCALWAOMS YO, MaeHASe cs, 
X OSA BACD MARS Nev, © OLBEAL fil 
BLATT IRS GRORE OD BH & IE Bie (Basal 
variation) £4sitS2zi, CHitADIC HA OTA 
bHeOBACLoCHRSNSLM MR (Basal 
effect) :bnS. weteHiae Fig. 3 AMROAM, TF 
7g dob FE ih in ICAL EU ALD b O PUB FEO BA 
HUABEIL, HARA O lly 6S & SBE 
MULTWSOC, COMMA ® Hic AA (Termi- 
nal variation) LU, Chk eA OBA 
ORR Lick wise (Terminal effect) :+4#zb6h 
a. 


se Ce 


t 10 20 30 N 


N+20 N+40 


Fig. 3. Frequency curve of cathodic prophylls in Erigeron sumatrensis. Ordinate: percent- 


age of cathodic prophylls. 
branches in the genetic sequence. 


Abscissa: 


ordinal numbers of primary or secondary 


The arrow indicates the lowest branch subtended 
by the first leaf of the main axis or of its primary branch axis. 


quency curve of cathodic prophylls of primary branches. Thin line: 


Thick line: fre- 
that of secondary 


branches accompanied with numerous leaves. This line extends in fact further right- 


wards nearly as the thick line. 
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Fig. 3 #i@RlLA A 7 VF) EP OF 2 Me ME 
ATE O58 (5) BARE HAR CSAs, BHAAHOS Hh 
PRILAMICARL AAA L Sab, MREB 
MUCHS. CHEASL, HEE 1 eM 
KATEOBE LBFORRMD SM, COMEES 
RABE ORAL 1 UMARATHE OBA L te 
Bisls, TELE OS Lists 1 RMR ASE LA 
BR, RAICE< BEECH XH CE VBE 
ICISUS SBS 2 VAMC BERS AE HII oC TILE 
BDCH7T, MMOD VBE 1 RAE 
SIT SES 2 MK MACHT BEE [HAE HARE CIE, OK 
Vin FLD < ARS STM, WO MM SEAIC 
WE LEWCEMHSM, CHicovw cise 
SbITMNS. 


3 [A] 5 BE DO — ABEL OFEHY 

Ea DLE E CICA Lic 1 AIS LU 2 RAE 
MAM LH 10 ICT SVD, HOOK 1 Mil 
ACAI BEI [a] HUA RE OLE ORR (Fig. 4, K 
RR) BLU CARMTHUE OXFO3HLPSZS 
LMCEES. 

A. ZEBA(Ee Rae, HEAMITH Pt 54 
D—AAAF+e? (Xanthium canadense 
Mill.) (Fig. 4, A) 

B. ZAC Rae, Dire OR < BAM HE 
FELICE, HEMBITIES < 4 O— 7447 
vF)+#2 (Hrigeron sumatrensis Retz.), 
(Fig. 4, B) 

C. ZEAE, PM Rm Wic7eSbo. 
CHES SITMAT WME 1) BSBA e 
te5 4 O—A VY YA (Impatiens Balsa- 
mina L.) OF AEG AR (Fig. 4,C1) 2) AHS 
HE fa] & KIC BT h OV eA 
4efnfi (Fig. 4, C2) 3) @rHW AICHE WO 
RDB DHS b O— 4 + 7 (Kochia 
Scoparia Schrad.,) (Fig. 4, C3). 

Fig. 4 UE < FSH LIA 1H EO 
2 NAAT BE AE O-ARBE Ch SM, mK 
DAVMELAROTHNELKKCHET SOCRPTC 
Big LChS. HhbbELOWPHOMITHsT 
&, FEMALE < BB 2 WMD EO —-MAEO 


* Bhs k OUR bls — ah OFF TE Cb S 
Pb, MOMMITAAARWICERH SETHE. 
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a = =e = 
0 See, 0 > 


Fig. 4. Frequency curves of cathodic pro- 
phylls, diagrammatically simplified. A: 
Xanthium canadense. B: Erigeron 
sumatrensis. Cl: Impatiens Balsamina. 
An early variety. C2: the same species. 
A late variety. C3: Kochia Scoparia. 
Explanation of graphs as in Fig. 3. 


PAIL, BL MMA HO AT RO AE E Pott 
Mak, PEDHICMATEA OBIS RT REA 
1 PRUE CUE EERE FEB BD MBIT SVT HIT 
HEALD LICR UCHSEWZRS. FikbdbR 
GH PTC ES RAFT TY Fo a 
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TVFI¥A CH, EHS < OTH 1 AULD Hi 
AL OAEU TEC, FCI 2 DMA THE O IE Fe BUS 
BR 1SBIGESW TH SL, AAA Es CrdwMle 
PRPODICE OMEDUER LTS. COMA L 
OSE CHIT SIGH OD BE OMETE, 21d Ft 
Aa + IER MR OLR OPT SL Te Eds HERIT, B81 
PMMA MERA AO Cl Withee C2 W-C3 WH 
OPH ChdO, XbITEK, THSOFNTIIB 
Fl th OAPED DEM SiO MMB & BS 
PoEMCKS. LAE Fig. 4, C2 OME 
AY ey AMA ITS L, PB 2 ts << SCH 
EWS GMS L, RRPOMRMOBAR< HO Cl 
HHARICIEO< L, AAT VFI¥A7IOMROY Ts 
VoBG/P AAMT FSF SHS 1 VAMC AT HEE ray BSA 
i, BebOB AMAL AIC EMS NBL OS, 
to LA MRR OA HOM DAG SicBe mL, Th 
Vit eb S17 13 [a] EDS 100%A»bbTAK EL 
FLEX, PCCM AML eS. 

GERI LEMME Cb A—C OWT hdDOH 
Zests LEHI S. Hikbb i KF (Brassica 
Rapa L. var. laciniifolia Kitam.), + 2% (B. 
Napus L.), 72 # KRY Y (Nigella damascena 
L.) UAKKICAAT VFI 72 ARBHAUWO MA 
MEAT, ZHrE DWAR < FRR. Cho 
MALE MRE CH SA, REX OME CHI 
ROLANIRAILA—ChS. 4 ® E> (Amaran- 
thus ascendens Loisel.) (4RUT7H, RY EY 
ALERICIFETH SA, BAMWMAL MRL AY 
ey ARAL —ORK, Tisbb Cl MEA 
$. AAAFEICMSCE FMKILHAAM YM 
SMA HIC Lice OW Hier, 


x BB ZB fe 

Bil HER pay BUF BE O—- BE DSA Ds 7 DS HEHE OD 
4 LICMESNSARKD SH BCH 0, AF 
Plastochrone {li\{K3§4EHOB{LOP Te Eds 
Rit LOCHS. LiceMo TOO Klervw THEKO 
KEAICHS DD, FROM—OBLOIAIEM B 1b it bd 
B. MAMI ILMAOKAORG, -RWORG 
TEICLYO, HSSBEOLRRAASHNSICHLT, 
SS 1 A MUBCRTIE, BH VMMAATHL Bic, SHE 
DAE ORACLE LV EDL it voae 
ChS. Thbb, FAT VFI#FP Cow ws? 
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12; EWS 2 Milrts LOWS 5 MALO HUBATHE OB 
HPO LO OL, PEMHORM LOB 
DEDRDSR, ShEOMEREOLE FORALO | 
HPA HOLNE DW SAI HV fh & RT HA 
(Fig. 3) aA rick oRACRESHEW. S 
SICCHEMBKOMMVISBA(EA, (homie 
bEL<KRONScLICEB LEAD bie. 
CD 2AOHRIAA 2 KHAN ROBES OMBAE 
ICbMBSNS. COMRAEHMAMIs LOMB 
MICS SERA, HOMME HWAICMBTSc’e 
ORMLER DNS, AAAF EL OBLRMRA 
3 AIC GAT SBA LHC ET OR 
LRSM, WHOM CH 2 MRA BH 
PRE ORSBPA LID 7e OWA eROHSTLRN 
WHELTWS, COCLAS SICA OR A 
42 Ft) DARA EDS BH D EA O BEA DBR AER Cd 
ZrLeEMmRtstOctho, MACOMB 
ALT ORR TE EHED PTO Ere FH OLS & fat 
bHAOTC, MRCS CICTHMRAT S. 


K tm ZB fk 

Fig. 3 OAKMAHO/\BAD & Asin VIE O P&L 
CHIC LED, Ayummi Plka a7 vFP¥FIO 
BEC, BABAK OMY LAMES PSEA 9 
Lote. Tired b, AAR CHALOM BRTO 
i fa) UE DSA & VOICEOVER S 2, 
% OPM HRITA ZO CRE TS. AAT VF? 
FZ OB LIME CL, ind 5% CALLA O 
HALOS 2 MALT SEA OPA Ic, Hema DS 
RMT SERBSONSLA, MRORICD eV EEE 
LEAMBEIT FSV TIE, COMMOMIC |L ON Hifz 
Da BH SHS 2 UC MMALO Hii HE fe WPA BES dh SBS IK 
BITES, HOBART cL RD 
0, CORER, MRMOSWORALAB 1 MAMRIT AS 
VS RIMBG LLB SRAERTBRMRHS. = 
TULWE BK MIRO DVB 1 AME CIS, ARTS 
FLARE LDS SHRLSAZ SNS, 
Tei BME OPT SAITO YTS BIC AAAI BE 
RMT SOb 0 CHS. CHITA SL & EIR 
ET ORE AM OF HD DEER SLOLE 
DNSED‘6 CHER, RKlL AW OBA LAD 
ROBRLVMEMCHSOL<, BHEOL CAS 
LER MICA L CiSIBRO RMIT OV TF, 
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Summary 


In this paper, purposes, methods and materials were described and a part of the results 
obtained in some species of annual and biennial dicotyledonous plants was preliminarily 
reported. Special studies in detail will appear in the future papers of this series. 

The primary and secondary branches were observed in genetic sequence from the lowest 
one towards the upper along the respective mother axis. After the observation on hundreds 
of branches, the cathodic prophylls on the branches of the same genetic number were added 
together. The results thus obtained in each species were expressed by the frequency curve 
of cathodic prophylls of its own. 

In the case of the primary branch, the frequency curves may be divided by their trend 
into three types, i.e. type A (Xanthiwm canadense Mill., Fig. 4, A), type B (Hrigeron suma- 
trensis Retz., Fig. 4, B; Nigella damascena L., Brassica Napus L., Brassica Rapa L. var. 
lacinii folia Kitam.) and type C (Impatiens Balsamina L. Fig. 4, Cl, C2; Kochia Scoparia 
Schrad., Fig. 4, C3; Amaranthus ascendens Loisel.). In the case of the well-developed 
secondary branch, the frequency curve of cathodic prophylls is fundamentally similar in 
each species to that of the primary branch, but it is somewhat simpler. 

In every species the cathodic prophylls on the branches situated at the basal and termi- 
nal parts of a main axis and of a primary branch axis show characteristic local variations 
of frequency, different from the general trend of the frequency curve. It was preliminarily 
interpreted that these basal and terminal variations have resulted from some factors such 
as the special phyllotaxis, the plastochrone change, etc., characteristic to the basal and 
terminal parts of an axis. Analytical studies on the basal and terminal effects will give 
some suggestions upon the mechanism which determines the anodic or cathodic positions of 
prophylls. 
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be xt 1903 AFIT) CK wm CHS H, 
Hirome undarioides Yendo } UCawi Stic. 
Lal, COMET AAITE<MCWwT, Ricew 
WUAARRWCEL, MATS XP MIC TRE 
DAZ CERURIAALRoTWS. FOCH 
Ft (1915)2) (LE BAILY A AICI CHS LF 
2, tm rz BeERUCvAABcMALT, ter 
% Undaria undarioides (Yendo) Okamura & L 
CH Liz. ERAULAPHEOMM CH SA, 
BECELEOPMDR SIAC T, FATAL O— EB 
+, BEKBOME, BIN: LICETSOAT 
mS. UE, WOK - BHA (1957, '58)%4) (ke BAO 
WEAF & FEE LC ABA FEE IZ OU CHR & 7 7e 
Us, HERERCIEAOESN, shia ORE COFEE I 
FElL, VAX ORUAAORBA L HRT, HEAL 
BZERIWCL, SOICHB AI LOB OBA 
lx, FEMOMSITKL CHL BBSNAZCLER 
LTS. Lae Le er OBFM MEIC Ct 
WERE REMLUOC, PHbiLe 2 2 OFE 
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HED», HOP HIC CE CFR OM 4 MOe 
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MhoLdD, CheMa< Mo CMR) CHL 
fo. HEGRE 15~20 REICH S. ERIS 7 
74 VOHECK YD 56y OH ELEY, 10% we 
Pe(bokseok CH4RMBALKE, >t Fv>TY 
FESR N She Y YY CRAL THERETO 
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Bi & 

cb BX OIF RRL O HRD O PO wy ic Is 
VC, AM CHIC RA NILE, HOM 
ICDs > CHMAEA, KRITLBOTH, SHlctb 
Hem CHEONSLIMCHS. JAFRRE COVED 
ADR < Feo TUS, iH (191) ESe, & 
BAIIAALAUCLIW, MOM Mic BKic wt 
Licha Fe OTS LORHS LWHNTWS. L 
Ds LBSOMRELKE RAI, COLI 
HER 1 oP MAKITA Bricks ofc. 

dF PERL AAAS H Ca SUBEF RL, FHeR 
UT SRA LOMALDSE CETUS. HOO 
FEA COUNCILS (1960)7) AF CITME LT 
4. Fig. 1 dP iM@ieoWowWeh CHS re 
WihEF RM GG ibEFS RMI) eR. CO 
MMII (L—-OO HULME PMMOBRABZEN, GK 
OIC < HESRIBOLL, HAN? AKO 
DRESS. BuLMworr, MH 15% OHI 
OOPS S (Fig. 2). KAMOR MDE 
OMT, MIKES HSLERITMARKOMER 
— AML rm 04S. SOB, BS BRESHSE 
DIT7s ok ARIL-— TF (loops) &(F2T, ME 
AD—-MICHES. WhhSoYF7 YAM (synap- 
Sis) CHS. RAKLOKMOMOL’OWEICEL BE 
LtWS (Fig. 3). KYO-Phic HE mE AAAI 
EAS sVEVICHRAY, STIX RHOEHNEME 
AROMADTBRESHS (Fig. 4). CORA - 7 
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Y+ ACV AS (open spireme) CH4. ZO Iz 
RERLAM CRELT< S (Fig. 5). BAKO 
FERAL A CRITE E TeV OC, —OOKOrn 
CHRO REIT Ieo CWSZELOLSDHE, ERM 
BROKER CUO SZLOLDS (Fig. 6). F4 
TAY ADKILRABORIEOH GC, ZOKES 
Mak & fe OH 6 wp (CHP ALIAS. KB 
PUT ILM30O X, O, V, WT eYOKRE LEX 
Yee iRDHGE LTS (Fig. 7). COL} Teo fye 
Bis Sb ICIRE MME OSITT, PSVEROYW 
BK evo OITA TW<. Ea TERY AR 
PVE CMITIL7LISFEFE LT SDS, MYER DSL 
ROW Cie SAILS S. 

HIT Old Me: RIL ARIAL IT ER LZ, KH 
FRILANRRIT 7S. FORMMBLCIL, YWtarRicHse 
CK ON CHERE EL TWH. PBEEAILIEM IT 
MCHSIIHELRD ONS (Fig. 9). Hulfkis k 
O BUMS BIS S 7e >. RRB ChE S VELRO 
Ye eo fADS— FECA LCOS ORMRPMBARHS 
BD, WARS L< IAAL TIS. EORBDHBON 
IKDOPGBIL, F4T¥RYADELDOLVQV<KS 
DPARECHS. Fig. ILHAM BRERL, 
29 DYAIAPRZb6NS. AMWOREMISFER 
IDINAEWOC, MH ~ DLA OD IGRENS Ee RAIS 
BSLLILCERV. MAAKOMOD ALEEF RO 
SHIT AAT Ds, EPIL L(A CU SBMS X<, 
BARBSILENCHS. PHRILSRBR She 
DB, Fa THRYVAOGRILHO SE OITK bRSBE 
DTD LDBB&hitdrok. BUCA MME 
LMA ITA eC, PURUIE L < TRRIZ IA 
> THVyti< (Fig. 10), RPICIIMERLELH 
ORdnT 2 HAIRS (Fig. 11). 

B-EABOT TR, 2B OMIC Lae a 
SnSZC LX, BSOICBIPABCE VEO 
RARMAFonS (Fig. 14). PrIAHicwlt ok 
FEF EA OA OOKRAMLELA LARIAT ibh 
S. CHNb6 2GORBOD LAA CBA 7c. 
SOORWAIL FAIR ESTCEMBBWA, Fe 
BIC AME se HOSBSLMBSHic. HX 
HAOrI, GWNLIER ICRA L, Fe RIS HLAIIE 
L< Mimic aac < (Figs. 12, 13), COOH 
SEAILG—-DBROLMUEEK 5 MACHO, Eres 
IMA & FATA & ES VE, 
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4 OE, F\XRME SMORABAARbNT, 
FEF REAITIL 32 OMAET S LIES. Ch 
5 OBABITA CHRWIZT DNS, DAO 
FNL CHS (Figs. 15, 17, 18). KAWO 
Re BRS LiMo, MBLORAARICA 
RAMNS <Teo TS, POBLOPADA CL 
PEALE CoS. 8 MINE CLM Ch StH 
LRMIRILMASNC, ROFEREDDO SNS 
(Fig. 16). La» L 16 iis LOS 32 PI CLM 
LAN Le, WEF RAIS RObARE 
BR*ALMOSNSEI CHS. THOR, BAD 
BET (EO 32 OUVEMEK EHR T Sc LIL CR ied~ 
ceeGhet, PRAAL BOAMIMAS Hie 
WL, ERBAAL CK 16 (HOTS TC ORK DSA 
CHALTWAODC, —ODOUWEFRAITIE 32 O 
EMER ATER Sh, CHUA AAE Tirebicv 
LMbnSs. 4Kiit.5 32 BIE COMICMBEF 
PLSRICMETS. HMADBOKRTER, WETE 
DT OWLS L-CHAYKNE (mucilage-cap) 25/F 
BS. 32 OVEREMAFONKEIL, BORBOO 
Bed UCHEFABRSHN, FOKER—-OD 
WEF BAI 32 OWEFRAEN CWS (Fig- 
19), SEAL CHEFHBOKE SURE 60~86 us, 
ig 8~12 pp CHS. 


BRE LU tai 

DLEOMAORER, t 2 rz OWETRAOH—-K 
BELG, VIF VAWRBLOWAWARBE LEX 
(EER DUIE PIT HE L CWB TF 4 TRY ADS 
HEB SHROC, THEFRA OK 2H OKT 
BMDBCHS. Fr 7 HRVAICH 30, B—- 
Zeb HHICM 29 OWSkKDML SHE. Ch, 
ERR OBR AMILM 30 CHS. 2vY 7 AN 
WOR, CALM CAAKMe boboicts, & 
BADIEDIT ALA (PGK + HH, 1957)8) KO 
TAR (EF > PGP, FDMFR) DS. Vt yva 
VF (PERK + HEF, 1956)") LAY 28) Clk, A- 
FY + ACVAMOBICRAADILE LT < SD. 
BEAHALIZUS, F141 THARVACLIEAICIE 
ELTWISR, ERACLIAA (EH HH, AP 
mle) fC KG, Fr THRVARME COIL 
BAFUTWS. COLIICVAABMATSe eR 
EVALZISTBWTC, EODHREBBEVOOC, FOU 
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Lit7H 2K (Undaria) DF ALEbDNS. a 
BPO GLAS <PMBSNICAB, F17FRYA 
MBL HPHRUS Y BBL BE S tried o7e, COS 
L pr HIME LR > << DL REMIT OD, 74 7 
RY AVLFEMICIK < PGT S CHM SNS. EF 
2 ORAMEISBANC, 16 BEM]Is LU 32 IC AMR AS 
AWMMICTLDS CLAS, MiG DAT THSTL EE 
bICKMOHPR CEA CHS. 

BED BILOX OSV TC 3 MOKA BA ticbir 
C, WEF BEAN ICIX 32 OVER ATERMSNS. F 
DE, Fhb OMe PI UCHEFAYEDNSO 
G6, —OOWEF RAIS 32 OVEETF RS ENT 
Ws. En xD tic, Alaria esculenta (Sauvageau, 
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1918)!°), Laminaria saccharina (Schreiber, 
1930)11), Pelagophycus porra (Herbst and John- 
stone, 1937)!2), Eisenia arborea (Clare and Her- 
bst, 1938)!8), ~2av7 (BH, 1939)'4), 7 WA (Cie 
BE - Papk, 1954)'), svt vav7 (BR: we, 
1956)9), AY 2 (AR + gr, .1957)8), as ee 
(%%, 1957)*), z= av7 (& 1958)!7) 7;e¥ av 
SHHMOS< OLOT 32 OHEF RUMEN 
a. 


ADEE Fite 140, MORRIS LORRIC 
4 < OWE BHO PS ore, MAL KEAB 
DOM ABOH AIC < WHLBLEFES. 


x Rik 
1) Yendo, K., Bot. Mag. Tokyo 17: 99 (1903). 2) Okamura, K., ibid. 29: 266 (1915).) °3) “Sexi; 
T., and Kida, W., Rep. Fac. Fish., Pref. Univ. Mie 2: 517 (1957). 4) ——, and ——., ibid. 
3: 236 (1958). 5) Abe, K., Sci. Rep. Tohoku Imp. Univ., Biol. 8: 259 (1933). 6) RES 
EM, WERE Hit % (1911). 7) BARB - BEE, HME 73: 75 (1960). 8) ee a 
228 (1957). 9) ——+——, [al 69: 501 (1956). 10) Sauvageau, C., Mém. Acad. Sci., Paris 
56 (1918). 11) Schreiber, E., Planta 12: 331 (1930). 12) Herbst, C.C., and Johnstone, G.R., 


Bot. Gaz. 99: 339 (1937). 13) Clare, T.S., and Herbst, C.C., Amer. Jour. Bot. 25: 494 (1938). 
14) Abe, K., Sci. Rep. Tohoku Imp. Univ., Biol. 14: 327 (1939). 15) Inoh, S., and Nishi- 
bayashi, T., Biol. Jour. Okayama Univ. 1: 217 (1954). 16) WR, ILK KER, 8: 
185 (1957). 17) i& #2, ee 6: 57 (1958). 


Summary 


1. At the first nuclear division in the zoosporangium of Undaria undarioides (Yendo) 
Okamura, synapsis stage and diakinesis are observed. Therefore, the first and second nuclear 
divisions in the zoosporangium are meiosis. 

2. After meiosis, three successive mitoses take place to form 32 free nuclei. 
quently 32 haploid zoospores are contained in a zoosporangium. 

3. The haploid chromosome number in the present species is about 30. 

4. Both the centrosome and the aster are not observed. The spindle is delicate. 

5. The nucleolus disappears at late diakinesis. 
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Plate I. Formation of zoospores in Undaria undarioides (Yendo) Okamura. 
All magnifications ca. x 2600. 


Fig. 1, Resting stage. Fig. 2, The same stage, showing two nucleoli in the nuclear 
cavity. Fig. 3, Synapsis stage. Fig. 4, Open spireme stage. Figs. 5, 6, Early 
diakinesis. Fig. 7, Diakinesis, showing X-, O-, V-, II-shaped bivalent chromosomes. 
Fig. 8, Polar view of the metaphase. Fig. 9, Side view of the same stage. Fig. 


10, Anaphase. Fig. 11, 2 daughter nuclei. Fig. 12, Metaphase of the second 
meiotic division. 

T. Nishibayashi and S. Inoh: The Formation of Zoospores in Undaria undarioides 
(Yendo) Okamura. 
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Plate II. Formation of zoospores in Undaria wndarioides (Yendo) Okamura. 
All magnifications ca. x 2600. 


Fig. 13, Anaphase of the second meiotic division. Fig. 14, 4 nucleate stage. Fig. 
15, Metaphase of the third nuclear division. Fig. 16, 8 nucleate stage. Fig. 17, 
Metaphase of the fourth nuclear division. Fig. 18, Metaphase of the fifth nuclear 
division. Fig. 19, Zoospores in a zoosporangium. 

T. Nishibayashi and S. Inoh: The Formation of Zoospores in Undaria undarioides 
(Yendo) Okamura. 
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‘Short Communication 


Jun Toxipa and Tomitaro MAsaki*: On the Occurrence in Japan 
of a Crustaceous Coralline, Polyporolithon 


FH §* - TEARS: BAPE AIRE 1 filco 


Received October 24, 1960 


In the course of the writers’ studies on the Melobesioideae of Japan'~*), they have 
‘come across a small crustaceous coralline attached to the thalli of Pachyarthron cre- 
taceum collected in Hokkaido at Muroran in March 1960 and at Shirikishinai in August 
1960. After a thorough study it is concluded that the plant in question is identical 
with Polyporolithon reclinatum (Foslie) L.R. Mason in almost every respect as will 
‘soon be described in Part IV of the writers’ work treating of the Melobesioideae of 
Japan. Polyporolithon reclinatum, which to date has been known only from the Pacific 
‘coast of North America, is now reported in this communication to be new to Japan. 
‘This is also a new addition to a list of the marine algae oe on both sides of 
the North Pacific. 

Polyporolithon was established in 1953 
by Mason‘). He stated, ‘‘Polyporolithon 
‘differs from Lithothamnium in its hemi- 
parasitic habit and its characteristic 
mushroomlike growth form.’’ A vertical 
‘section through the base of one of the 
writers’ specimens shows that it pene- 
trates into the tissue of the host (Fig. 3). 
In the present species both tetrasporangial 
and cystocarpic conceptacles have been 
<lescribed by Mason‘), but male individu- 
als remain unknown to date. The 
writers fortunately could observe all of 
the three reproductive organs in their 
specimens. The roof of a sporangial 
conceptacle is perforated by 25-30 pores 


(1), (2) habit of plants covering articulations 
of Pachyarthron cretaceum from Muroran; 
(3) vertical section through thallus base pene- 


in accordance with the description given 
by Mason‘) as clearly shown in Fig. 4, a 
photomicrograph taken from the upper 


trating into host tissue; (4) surface view of 
thallus showing pores perforating roof of 
sporangial conceptacle; (1) x1; (2), & 1.55.(3) 


surface under lateral illumination. «30; (4) x45. 
References 
1) Tokida, J., and Masaki, T., Bull. Fac. Fish., Hokkaido Univ. 10: 83 (1959). 2) Masaki, 
T., and Tokida, J., ibid. 10: 285 (1960). 3) ——, and ——, ibid. 11: 37 (1960). 4) Mason, 


L. R., Univ. Calif. Publ. Bot. 26: 313 (1953). 


* Phycological Laboratory, Faculty of Fisheries, Hokkaido University, Hakodate, Japan. 
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Tutomu MIHARA*: 


D je Be D Be 


fy * 


On the Reduction Division of 


Houttuynia cordata Thunb. 


1960 <2 4 A 27 ASA 


KE 272 (Houttuynia cordata) > ia ZH5 
PILE OMS ds ¥ YO Clete IC Shibata 
and Miyake (1908)!) 23K 5 OFA BIZ L 
C, COMMITITMRABETSEDEEIT 
Th ORDO, MADE Liev ODE 
HICSS LI CHOELRELE. £9 
4%\c Okabe (1934)?) 23 bad OMG & S 5 IC HE 
FAL, WalkhEDW 2n = 96 CHEE LIE. 
SELAH OTE A Milla ORB Bb HAE L 
COXOLIRMBRERKOCRATS. HME 
OV FHLB BY HICHETSLOe 
FHELMWRAIA FHFADECHLIOSL 
aceto-carmine ¥&Cl Lf UCM@A Lic. 
RAE—7AO metaphase CAP IC PLALIRKE 
DARVILU IER Lire 48 iO 2 (Ye fa th & BAS 
Lick, ChOO 2 REA C 2 HE veld 3 
{ADS 2KEES UTS 4 OBRBDHShie (Fig. 
1350 2), anaphase (i chromosome 
bridge 2M (Fig. 3), TORMBIAK 
(ERO OMA BICABGNS E511 Milarhic 
2~4 KL GMANCWHSOMRBDS HE. 

BEA — 7 BO FE RTER SVS 4 FITIL KOK 
\\ & fA Ate OD EROS CS LWAIBOTEM Milla 
& a RULE Lic (Fig. 4). DEG Lie BO 5 DR 
RA—7AO metaphase C 2 (HAO 2 TA¥ te 


ae 


1) Shibata, K., and Miyake, K., Bot. Mag. Tokyo 22: 281 (1908). 2) 


7 (1934). 


Figs. 1-4. Meiosis in P.M.C. of Houttuynia 
cordata. 


1. Chromosomes at MI (polar view). 

2. Chromosomes at the same stage 
(side view). 

3. Chromatid bridges at AI. 

4. An abnormal tetrad. (x 640) 


tk 3 HDA LT Sz, ILO chromatid 
bridge DIKMEA6, COMMA BAKO Mle Lo 
ChB Se TER LS bITREH OMNICEF MAE 
LUX ChEEMMIZ ZR OKRLODEFLZSHS. TO 
LD EIA BOR BT OP OVE BIBS 
BUS 6 OH Fit S 2n OAM ET 
SLICMh ROCHA. 


Aik 
Okabe, S., ibid. 48: 


Summary 


: The eae chromosome number of Houttuynia cordata Thunb. is 96. At the first meta- 
phase in P.M.C., 48 bivalents tightly paired are observed. Some bivalents show secondary 


association. In a few cells, chromatid bridges are seen at anaphase. Abnormal tetrads with 
different number and shape of microsporocytes are often observed. 


* Kamogawa middle school, Matsuyama, Ehime, Japan. 48 VA #28 LTH AZ HE JI] a SE Re 


Nov.—Dec. 1960 
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= 
Ba 


m2 (KAM KE 


ss 25 IASI, 11 820 Gk) ®o40 (FS) 
ECOSHE, ARMAYRSM, PAM eABic Hl 
ESHico SFEOKASI, M4004ZO EA BL, 
#7) 100 ZORA AGBMLC, CHECUCAEA 
WRAL iro. LAL, 3HOKBoChbHE 
RAFAORL, AAOPRRKA Cho MIRED 
fetshbh, 446 REA NS LV ASE 
Dados. 
areas (11 FLASHES 30 5, ARAYE 

FUS#=) 

Hae: ae 22] (Kip4 4), AR, Se 
KR, 3G at 27 4% 
ma: 1, RAB. 2. 3K, PMAGE. 3.4 
Api). 4. 34 eR RARE. 5. 35 ARSE 
Sh. 6. fim AME TIT LOSE. 7. BB 

O27, SHOR. 8. SAYRE. 

WISE 3 Aico hbnNESRBBITAXE REAR 
ARH & UCRARIA + IRBBA + MH AHOLK 
(747=7)—) ERWL, HBTS LICREL 
> fee 

KCC GS ME DEBRA BS OIE EE BE 
ARAL LUC, RH, KAS, PAE=O=]K 
REAR. 

RAE ES Aico Ca 900 FRE 1,200 AS 
BWSH, AAR ETORHE LUC, HERE DO 
BOLD TMA we rebhico 

(1) M#AROBMER<K TSRwDIc, MEOX-—L 
BET YBOHSTL. (900 ARCS 460 A, 
1,2009#R Crt 5609) (2) OBIT M HS 
RMT OHEOHS TL. (3) MRBE< cSoTCLI 
LOCAL (BRP AUB E) DMATS 
Cko (4) RMB 5b O FT MMM * RY ET 
Clk. (8) MMMOMEDSD. 

RTOARCSL Kemmis ULOATADE 
4e Tet LA HE Ch S LZ SO CAFR 1,200 FY, 
HAM 20,000 ICME T SABI. 

COPMVICA LC, TEA MDD dS HICH, 
SiG LAPRAS ACBL OLDER ES 
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al 


LXTALT, 30HOMAHUIS CL Cho. 
PrIShi DFMO MILO 5b, MALOLOOHGE 
Ha Ch SWE E> 5 BERRA, Chile 
WLC, MC ORMACEBMVIT LCRA, BB 
BMMICPRKESTWHSCLITLSRHCH), ¥ 

LEAD b Opi, MOR e POL THOSE 
BONbhi. EXKGESA, HUA AD HEE 
Mitton, BEBZA xT TOC, KEO 
KETKY CRAFT SEL Kiks ko 
@ & QA38 87618, ARASESRB 

=) 

BROREOODS, PERI YCOPORRROR 
TiDd 0, AWA OAR RDTe. 

(1) &A: BmoMHIs Lk OTK CAME 
AME 4 Fe (CHAN) 

(2) REABOKMRE (1AM 35 410 5 10 A 
BiZE) ABRR 1346 4B. 5 OBBAAR 19 4, 
Kens FB 22 4%, EWS AT AH RABE 50 
4, WHAA- 1248 4. 

(3) ZABMORE (am 34 #951 Ate 
35 10 3108) MAB 14 4B, M44, B 
& 19 4, RG 34 4H, 25H 88 4. 

(4) him AMERR TITRE Is LOFEORE. 
(AZ) 

(5) Bosh, AOU CR: BS 
BE 96, Ely}séxs 82, RASCH 34, ASExE 33, 
AWS : BScHE 11, Hssexs 2, HIASCHE 76, 
EIASExs 6, Mee 276) 

(6) HAA 34 FRRE OME (IAA 34 421 A 
HAA 34 12 5, He MeREACE 3 HEM). 

(7) KFEKAICES S48 (AM 36 42 10 5 
HbA), HOR ARS ChAHE, 7ets 37 4E REIL 
HEKFOFE) 

(8) ABE, TOO HIZE S75 ARO 
— HVA IZ OVC OA. 

AERA COm me ORR DIRE Sn, 
Ha Om ae RDie. SLUCHRITAD, HS 
128 4OD5 6b U7 FORME, SROMETI 
Ae Shic. LeEAOTHA, HAI 1 ARO 
LAEKOLDICBETSCEMMBSHK. ies 
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ih PANG 36 AE Ab Ri SNS. 

S11 WMABORMLS 1,200 PX L 4009 
SOPMTSTCELCES. KAA RL20, 00072 
te. 

= Oled> BVHEER AICI 9 HF MEE DSB 
At S. 


EGEICA ED bSHOKAO MW Cie ONEK 
RAY, AMA, HAKZOH AIC, RbtO 
SH EUIN, ERKARREARKASAKAS MAI 
PISMdoT, BARK. 


tat MTT KR 
mI | NHK 
1960 EE VN AHas) 97 602 
1957 EE (75 fl“) 77 438 
1958 4] 63 448 
1959 “ERE 65 488 
1960 “ERE 1 He 5 = 
2 Ae 7 hd 
3 AB 7 = 
4 Ae 6 ‘o 
5 Ae 7 is 
6 Ae 12 64 
7—8 AB 10 68 
9 Ae 8 42 
10 A 11 68 
11—12 4 11 62 
84 508 

me @ 

SyHR + HEB - ACRE 


TPIS * (AARMEIA > BREA OSS RUA A 
tc. I. NO; EU NO: (tT 

SF Ye—BB : Myxobacteria M7krh FRA ICOVST 

\ ARMS FARRPE TY» Navicula muticopsis 
V. Heurk OEE 

fis (RS POKEOR HIKOA FE 

HEKHE—EB  PRKPE OP IKE BE Sw 

AEST Tes WARS + AMS AT eK 7 PR 

DPER I IAD Hee 

WARS + fe e+ AME: BOAT exo 
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@ Chantransia stage (COT 

FUL AIO zy aT Fe 7 
Y 7 FA 

WUT «REE + AIRS 7 SVT HAO 
fee. I, WL TiV FF ARMOM ANTE 
TER & AB 

PEPER WEAK 2 vy 7 A OPRAH 
ae. 1V, V, Vi. DS2 v7 AMMOMETRE 
4: & WEF TB 

bk fF HI RAB 5M A= 7 ROM RIC 
“OUNGe 

Mon Boeri eet eee ARPS 
HRA ABLOT bh RIFFP RAV a 

=A Tes BNE AMO AY 

HIKE : AHI 33d S Be ENA OAL EAA 

Se) || 5 HE « BY KES : Brotherella henoni (Duby): 
FL AFR Ate Co 

PEASE | PSB RLLb Ic 3s1t S Dicranaceae (~~ 
y RoR) RMOD A 

SEL Wei ea a7 AMMONITE, HICA—K 
(ARIZ D Hl 

ke PRS): BGR SEGA Ds OF AE Lf RRR IC OWT 

POHL IEC : ame b Mt SMA AICOWT 

(EKA NAF: ROA Re EET SMH 
iG O— fi Streptomyces indigoferus (~V~ 
%G 

Se) PRI ¢ TSE HAO 7) Ee FB AE 

(EIRIER, : HED PREC LEAVY AT RILKOAH 

HUE EEG : Micrococcus glutamicus © fila AAs ot 
2 (PSR. AMMOBBRicts Listes — =. 
& LT branching (ZC 2\.T 

NMMME: FA Bi ayr<\+7r ROMP CML 
FEF 

POG 2 2 ACA MS 

EPS « BLAM So 2D HICA DHS. 
ELL EO MRRR 

PSE + 7 7 ERO AR OOMEL HF 
jen. IV. Chara Braunii. ; 

HH Wi77 by AKIOMOd ERIC TO 
= =O88 

BINA 2 7 =F OBIT 

fez A: Bryophyllum DANEEL IZO UY Te 

Ko Mitac Sy oe BARR 
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ARIRIER | VA Eb BICBI SARE 

LER : RFR MIEN ORE 

RBZ + SM LIGA * MBIA: RAB MIE O 
22TH AES 

Baw <-> | NEO TERS 72 A SC (Pollen loads) Ope 
vied 

DER — 3° YEXDSEARB 3 4 ABA OAL HE Ics 
(F SRESARCIS 

ta = IA: SEO ARBEIT OV COR 

RU] BES ASEAN Fritschiella 4:78 
BF A Cie > FEEYEIE O YR 

Pile TE RS RORY bh = 4 OATE 
Sh, #elic Gomotia HIFSFR IZ 

RAIHME: U4 YAY FOAMS. I. 
AER BICOVT 

FAS ill: SRRVAIA- PARA PE 2 oF 7 RICO 
wt 

BHBK I 20500 YFvOR 

LGR 2 tte BAF ROO 

BARK > RA AMMOAY IAA = 

BRFTH ARB S ey a Ye RORH 

PRAABT : AUBESCMAO A & 7) Ai Hh ik 


A fda fH 


te * IEA + HERIFIT 38} SB Ye RK 

mere : Artemisia REAEIC Ist 5 AM a A 
in 

WEP AME : SSE FRITH SRE, Hic —B— 
FAD PITOVT 

(eS Ys DA ARMOR tL RERH 
AEF AEB : Rubus Nishimuranus Koidz. oF-%% 
OME RAO 

PERMAS= > =A SRMOAEICOWTO2+ 30 
Fas, 

Re A eM RAO, 4K 

REAM > r= OFFBPEL ZOAIBEOU IE 
VEIT ESF SPA ITO T 

Arar LUPE AE ° RHE 1 RAY AFRO A CMR IC 
DUC (BS 4) 

PAUMRAZ t \BICIIS SRAM OWE MH 

MH—-BR i attr azveusty vORREMICH 
DhieRK OKs 
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AMHR BEAR F ivy Aye b aOR 
tk 

Prep BES HE(LO—PlaE 

ERE 1 APE Y = 7+4+EKALO DNA (Feul- 
gen) SA MITOWT 

RA — ° WHER: MA Bicis Lig tReowe 
=. 1. NaCl mic k4 Tradescantia PMC 
Day BFS 

=RKEF IFA AZVOFRAICRA AMBRE 
WBA : BIC MBB IC L SAAB) AKO AH 

PARSER YARNS OAT TUR IC Is LIE 
Thi te? fe A 

AFH SAER STROKES. WV. 2F 
RRC OD TER Ta ts L OEM ATER IC ts LIST AE 
ROAR OMR 

JI FABER 2 7 AY 2 7+ (Azolla imbricata Nakai) 
OER OD HF BA Pe IL ZS 

ALR 7 4: HMO As vy AMEICOW CO 
TRG. I. pH OMBicOWwec 

BAIA | (EMA AMS CH he RITOWT 

He FRAO RTRs 

FL LUSE Tee : BERRI LANE © BERRA D FE 
BRIE 

PiFVIAKE : Volvox MO EFAS 

PATH = * ABR DETT + a WEBS ¢ XPRIRWIC LOH 
GRRE (Cs Lista + =(t4yRove 

PAT = — 3 ALE R ORF ITV T 

Be Wi a7 REY OMMAITOWT 

yt Be AAA : MAPA OR MIC LSAT 

HARSH: ~HO MMA Hc LETKOMBE 

BRA fi v7~A-OhKMER EAC BLES 
EDTA MPEO wR 

AB : Marchantia polymorpha OEIC 
© 

BAT SR—-- Vicia faba OM ANKKO DNA Bic 
Qe 

PAPRKIB GE * HERA + FA RETEH S KA IRAE 7 
AVY¥IXAA AVA IOMBLAHHA 

AWAIE ROM AVL YY bh UA FY ORME 
KICA SH SBA SRIEICOWT 

AE $+ KART KARA ASICRUI SEALE 
DFE TBE IZ OUT 

KR 6: EAHOREICMTS4R 
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& Bee {E 


SASS HE 2 a ae VEIT E SAMIEED ORLA 
wy y b OBS: 

{RE PBS IAA OBMiMlce Lis Tw 
a 


BR: EBAZ Ricki Sot v F-7-MRO 
Rite SON AA ZA 

EREL:- RRA HM ivavadt Foe 
FORME SV NVY VEHOPEA 

FES DE, KROMMBBICSIoVNVY 
ViskO4 vy FUER OR ICOVYT 

AL vi FORM LOGPHRICBIT OVA 
VY YORE 

Pe: Bhs vy FV SOIT SAT AF Y 
Ose OL 

LUFF * WEAR ft BRAGA + RET + Ait 
ite: RN afEFO GA ICE SHHIT I LSTA 
HEI OOS 

ARR + HA fk + LUI + RT + 2S fak 
He: RN aR FO GA ICL SHH LET AR 
OME 

HEA fl ° EBA + LU + RR + VK 
We: FA 3 ORFICBKLIST AM tvow 

WER: ABs: BPOMIM PICs Se 
MAE CI) 

ATLUGKER ¢ FABIA : SHINEE O A RMR Is LOT 
<7 eat Il 

BASLY + SARA: BR AWARA OSS 

raat HS MANO D FS vy AT MEIC Ist Ses L 
Oa AA tilt D aR ; 

aR P AEs MAIER RRA: HYtHuys 
YA-AGPMICBITS2— ROAR 

UWA Dh RA Ab BY Fa AGRIC 
LOEA-TAS ARF FALOURLBE 

PvE : MAOWMR ARERR LAY y 

KH #8: 2-— ROMRRE Te BRICOWT 

i L—#e : BROMO Hie BE glucose, gluco- 
nate, pyruvate, arabinose, ethyl alcohol Mie 
{EIT 

FAFA — : FF4:BERE Hansenula saturnus KF 
TERK 


Bot. Mag. Tokyo 


Vol 73 


BA fi: BRON Y b FVPBRZEICE SICH 
ce) 

Bengal ep « /\Aefe ES 7 Y BO#ICSENSE 
RASA 

fk WO hoe CORAZICU CT i 7ROM 
MicwheteRr-tvoOove 

PBR 1 H7F VROROARIREEAICOWT 

tek Be NK | HT MFRAOER EET 
SVERMHOE. V. Y7VRT B72 
+) FRIRDAERRVEYELTOT SIAR 

FHC + HHT TWA ORAICRISAR 
RAZ PED peas & Hl 

LURK : MRA O RCO HF 

FRGt TE + GIJI|REME: MF ORE ICIS OMAN 
wal fe 

Hail, A+ SREB RY YD OMFBSICAT 
SELHKOLES 

WR Bl eve FHORFITOWT 

PERS + AMPPIES | TEM OFEHICA FT S AR 
iy, HEC TAR OFF ITH F SRR 

THAT + HURSA + KATIA | ERE TO YE 
RNA 

ig RR ~ 7A Re YY ORERTEIC Ia 
ICIS SARROWER 

PRILASAR  APHEYAPHOEOMMAICMATS 
BA 

DORR BA : RILFEL BOR NAMIC ISIS S74 A 
FrxvZ7—eeEA 

HAG PAS | RILO MPABM ICT SMROVBICO 
wT 

LU Seah: bh 7 SHEER TICS STV eV Vy {Rt 
¢ As eat & OBI 

tt BK RABHR 1 4b LOsvA 7 ORHKIT 
PE 7s 5 SEER OPRYA ER = AT lb CIC T A 
© ATP tz) DBE{E , 

All Gh: KES IAAF ROMRMMEP (CBI SY 
BRMADED, HICRMORM ICOM 

F2RT BRAT + SEAT SPRRUREB | EM OWPROF b Ze 
AIZDVST 

SRE + URE + MAS i at ars7 + ORE 
D CEA Dizi a fF BE SR 

BA MAS OEP ICTS et ayy bsFTy 
Bos 


Nov.—Dec. 1960 


MBE BS SYD KZ ORO Es LOR AIED 
Vis SB phe eae 

Ph B= + RUA + SSW ve Pw oR 
AED AR RAT Y bY avitowc 

RG BL TARY ACORRREERLERER 
ROWE ALAM PE 

te *KEEF NS = ORILAEICM 3=- =o 
Fa a, 

APSHA + (2 <ORHAIG « FE ESKIE—EB: Proteus 
vulgaris (ck SURMAEIC IFS a > 7 AE 


BOREPEIZOUYT 

AISA *  ESSIE— BB 2 7 2B AE ODA SHR 
HCI SV< DHOMA 

SA Fe AH A+ BK OE: Azotobacter O28 
att 


FF EATHE + ALR ME: Streptomyces griseus Ok 
E(t. IX. Intact myceliumic k 37 3 7 RB 
{Ele OV CORRE. Part 1, HAO T 3 7 he 
BiLOME 

FH EATHE ¢ APRA ME > Part 2, Intact mycelium iz 
LEEI TIS EIANRY BOE 

LER AFF EORBAMBIC LIZPItOw 
# 

Be Be: 
“ 

ARR SIC F ALORA GICRE 
ET LOLA P 

THF + AIR ££: 7FIATOBBBMICKIS 
RR EMLORA 

)\AB= iY +l 7 EOMEM LA AYO 

PRA ME : Bul IR IC LSAL EY VIREO 
DEE 

ABH 4747 VORRMEEMRICOMT 

FS LUSEME S A LAY y O feats PEA DEE (68 1282) 
— ARE © FRB 

AGLUSEME | A EY vy OMAN Ae PEE BEE (G5 1392) 
BIC LO CPRBNIEL ERT MRIC OVC 

JERS : HELO Latency jc Dv» 

APRA: TMV OFSTED SE 

EPA i PERF RITLSE 7 =VYRORM 

URE: MBS HPA K.C.G. ofr vie (481 
a) 

FARRAR : 


7FFAC HMMs List+ev—p-AoOVw 


TARY A COGS ER EV RWAO 


Proceedings of the Society 


503 


a ae 

AUS : CRAKE O MSE 

ARMA : iReaOmK cis LigtBseeEovaic 
DV 

FORT AWARD HEROD (ID 

FALL : REO AE + TERM OIK HO 2EFL—AE HK 
BAGAIkORB 

EU + EF TF: Bok HicsListHN“oR 
HO ye 

MHS | HMOBRMICeLIETAY VADR 
@. (I). RNA \~® P® OMAA HIZO 

AH fe KARZMWOKG RE LEME 
xe 

mah GLI AKPREMMICIIS 2 + 3 OR SIEME 
IOUT (BS 2 FR) 

HAE: BSH (4 +) ANIC SBROR 
PHY He BSA IZ OUST 

LUA AN : Phytophthora infestans (Mont.) 
DeBary Rpt AAR LIRR HEIZ OVC 

MAS fl: RED 7 2 Pe- 7 AOMBME ICH 
SO * DBR OFA 

BFE > v7 ORIRAOB RM 

SHS: VF AAO Mie BRAF ICOM TC 

BAWE : RAR AF ILL GR AL 

PGF SEL—EB ¢ SCARY PIC Eds DHEH SS CHO? Ic 
“OTE 

WR ZR: RAT: eB OSCE Hs eet 
TAROALCFM HE (40 3) 

BOP S ++ NV BHEORMEIC Er} HARI 
Hi LicheEts LUMAR OGIO T 

GRE RAISERS Y Ky (AVA 
Y) OR bE be eB 

me Ri 7evA LOM LeROS OB tETE 
Flcowc 

FRR: BR He e*AKR Wi 7s rMmbe 
Lic3#fi{K@ photophosphorylation 

WH 2: ERRAND PR OL OCA, I. OH 
® specific activity 

wihmje : JR VI OMMNICBI SRBRLOB 
7 ARNO PEE YE ICES 3 EE 

ARUBA + RABEL 74 2) VIA DIC Is 
SOMA DA ORD 

HAG 1 TI VAT POPMARKROR 
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BIR: ava) ARTMKOER & RIRMICO 
vane 


ARE + Sie + PUR AUII BD DAES 
HOWRge. I. & hk = 7+ (Monostroma) sila 
ee fay 

AA EB e BEA : AIO Pe EIC LS 


APBTAWQHIIE, Z£O1. B#BicoVc 
& RE 
PAIL 32: SARE LUN HEALER © Ha RA 


BUIDRS : URSA OT A= Y IDO T 

PRERAIGS * WEI] a MMII | RE OHA HE TE. 
I. HHE—-MBLORARITOWT 

MS We BRA ROMA. I. SUE 
DPbAKEEAA LOE 

HUI HAs DOR : KORRES. I. Wea 
ELOY DAA 2 Y LTE OD PIKE 

BABA + PARKER « PIAIE= : HD OOK 
+ TALE HH aR 

Hic A): Aver OU HILO MRA ERO 
pts LONER AE 

FEAR : HOAR IIs LIST HMALEOVS 

ia AS + RAYE + AFR ¢ AKITA K + Ftp 
TOA HABE FC 81d SAKE O fRBT 

i AA + RUA YEME + GREK | EX MMOAR 
ets LIST TRA i th EO SE 

SORA 1 Sl -— VHT RKITOWC 

ARETE + Hue ak A OAREAASHEIE: Tb ALD 
IZOV»T 

SEAR | PHM PA OHBE (1) 

aR TE: MB RICMT SES (3) 

HR Tk: FRAPS oO 3 er Sic SHAE 
fi 
tHe + 
GAAS 
ie. 

ZOvUvT 

BBR + BBR | Hr RIL 819 SY 
YO AANICOVYT 

[HIS : WIAICIItS=x SOKARZAHBO 
DA OHEEIC OY TC 

SCARHGA + WUECYEIC 33d S 7k 4 PAO Ai 4-H 

SRB + PRE: WIC S Charetum oO 


ks EET UO F 2 ey see 
HELGA Mik : BAHL ORY 
3. AA—F AY ATE OB HEE 
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ee 
WA i BEAK: KMWBICBO ST 7 v 
Db YOMBEEITOWT 
TT ESE + ARIE : MBPRHE 7 Fv 7b YORE 
BREE & SEGEA: PE IC I81t STR 
2 KM ° PARR ELIA + HR AR: EET 7 v7 b 
YOAARICILETKEOBA 
PRAARAHE : OKIBO TEMA PT HIPIE. Vi. sc MEK 
JILME OTE 
PA——: PRBS ROSF © 
YE re PK IL 
Mme | RCMHORAE Rice Lisswve 
HNGIEAE | PEO Ar OOICARICM TST SERA 
PIE. LR, MME (CIsit SH & Bb 
DOSE FE BR 
SUIT HE: MA BS ABR ATR BICOWT 
SOR AE : H~ 484+ 4A Sasa sect. Husasa 0 HE 
ORS YO OAR 
EJIL Pe FKGRAIGE 3 +e FU FH OTERRIT OU 
C— bICHMARRITOWT 
ARCA + RR BIA 7 RTA CRORE 


a. 
a: =e 


Sa EL 


ot Te ot BD 
mae | HORE 

11 944 13.00~16.00 
25 WAKA HB AL, HICIAMELSEEASC O 
YYRU VASP L, ML, MARS, We 
HERO, SHePMShe. MARHHAOXO 
tis). 


Me ER BIZ + Fh Ay): «ATR OTE 
Fibs bAte RR. 
MAAB ER (AAA: RR hi): ete 
Bids BA te ASR. 
=A TR (AMA + HRs Am): HAeMAE 
D=, =OPplEE. 
2S AICPESHCUORMUNREE tk: B- 
TAKE): ARRIOTWRD DAKAR Iki 2S 46 


FRMPER Shick, tikb rok. Bm#Sac 
BOUIN ICR LERGE SAI CY YEO OAR 
AA Cres 

Males FRE Ae AVEFY phylum 0 | 5 eK te 


Nov.—Dec. 1960 


FU OAR ESL SL ERRMCEMRE ELS 
DIS CHSAMB, FORDE} UTH RV4AMAVS 
AKA OWES DEL 7S. FC Smith Offi 
MH OEE & 9X Biz Sporne (Am. Journ. Bot 
46° 385) DEXEMNRLENHEFZ SSE, HE 
tth», GRE LoKMMAOAMEFLT, & 
db Volvox KITHOK DPD, AVA FAI 
PURE Te ThO, AF IRICreote bo, FA-—AR 
(Ceeo7ehoO, FFA Cho RL OREO AH 
BCC, CHOLREHEHOMA ESDYD THE, 
RADY, —iihiw, Hw, KARA, FER 
ISB MICHEE LTS CEMFZSHSLLK. OD 
VyCEE UCHMICistt SALAAM, AER, AE 
TLE D EDO RRMR REE << DAFT FCRARL 
vie; 

AAA RIL OD APMDTBBE ODA SOASH 
OOCLE<, BOLLEENHED<S aTCH SHH 
ICLEOCHY), MWOAMEKILE OME CHS 
EEMAb, Li tOMMRR, LRM OCHKME 
HEZE CX, FEKOMBEEFUACFICK LEBE 
{EFI ARF OD ERASER, HBTAECL EBL 
OUR RE UTES OMEONbHK CRAB 
EBC, WEBET 3 7 AB, PEAR AID, BERRIAA 7 BB 
747 - eis, Ml, fw? Lx). 

SKRIHEMUMAME ELS 5 KIB TKS 
Peele ELEM, VFU YR, Rhynia OF 
CH LEE, Muti Cit dH SAL AEX UT, 
Hemitrapa 7e YM aj (Proc. J. Acad. 35: 6 AiR) 
ILOXAAMICON Site. Hemitrapa ti Trapa 
(evjfg) BLO Lythrum (3 Y >F)R) OF VR 
E<bXSL, COHMBCHSCL, Eoeuryale 
(LF OACH SRW SAIC Euryale (A=-5A) 
LURES CL, travel, 1°57 eRL OM 
ars Up HA Lire. 

WINKOAGH, BURR COMMOEERBON 
Bittle OIRA CHS, KILeRO LO 
ADE—-ELLD, CHOOLMGROMMREDLS 
ICSE CHA LC Sd, EOAKE OME ¥ 5 
PEMBASHSEF Chote. HCE ROM AGE 
LED Teo teD RR EX SBS ICA L BO AIA 
HOB w 5 SAMCMBES Niet 9 OLR Ch 
O. 

— ARN HIT OOF < OA DBD TRIE Tet ah OS 


Proceedings of the Society 


505 


Ho TCHEO EDR, OViCHHAS Cititg & 5 
BEOSSEBR<eok. CUOCRBOES EH 
PPSCLILCEEWAM, KOSS ONMRAAMRE 
MAGA ICS SB ted IC BRB > AE BE EP 
>, COMME S MLW RICH. MABK 
BWO CHA a Ld \ fiat & PET ITZ 5 Feds 0 fens 
MARL LCOFOLIMCAERICRUR. 

(1) ARR FL MeL) OAML DAK 
(&, i, Biizce¢) ORPME—-IRT I TC iii Lb > 
RARE. (2) KAIC LARP LA—OOB 
FICLEbDLB< OBRORAICLE4DL RS 
0, LORT SBA ICE Ae RR LZ ht fe bis 
Vs, AEBRAR(EMGRIC LS ApDS, TRH KICK 
BFROBLLAMRT SLES, COCLISHCER 
Shricitadicbiev.. (3) TWAS IA» b HEHE 
NL ATR FX SDM MED 5B ff MA OBE % d. 
01 OO CANA ORME RO BEES KY CHK Te 
STYERHS. (4) DEOWTW<S EPMLDE 
OMAMAL VERO AICO SKS. 
(5) JEM ARIC Lo CMRI LE. 
PEELED DAME ZS 35 AICHE De 
HBL SNCWSRC|L YD COMBONRBET 
lated, HPROFAIAUS IES ON CH 
S. (6) Mez (1914) ORAAICLS Hitig CO 
PIEDRA << OWARC EMH PEMBRELE SN 
Chote. BHEOTTAREMS, £164ic Lote 
DAWA bLOKRE APOMMAE LTE REEL 
REUSERORMELWAT S. 

(YY RYU AMAR ANB 


faee WL fmhmOiec aE 
11 434 14.30~17.30 

WA /)iakes 

Il-l BRK: RORWAL MAO ROBE (HE 

fe BN By) 

BERL, Zex~vir, =OrrARHEDe AL 
C, MMBIEAIAR CEMA L AYN 7 RORRE 
LORRERE ON. WOVUMEERT 6 IC Oh 
C, M*AOMAARSNOM, thoO0MRiM 
BOMAOVDAICDDbboF lz & A EMR CHS 
Z. IRHAEOSW, EY OMRMEML CHEDOK 
eSB, IB, FH, MEROP ROAD d~ 
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fe, FR, BELO E<WKRMBORSSeELS 
AZUERDS. MMIL, Fire (eS MRED < 
7p ICON CAG PERE 7D, CHDMEFO Kk 
IRZMARRHS. OA, FROMBLAOMBEI, 
TREN TIRED Cie <<, ACAI CUR BE TS 
FERTRE CHSECE MHS hie. COR IT AS 
LT, RINAF RA b, WEAR O Hille FAIS seri & It 
MRAICE < ACRES, COROMAMILES 
DLW} AMMADYO, HHArb, CORED B 
LUW4A, BRRDOBG IT hHEDEHESET 
ZWEI W EMI, EDRMd oz. 

I-2 IRB : Mbicwt SRM MA ORA 

(HES PTAC YRIME) 

CORR CI, WHOMwLOY SMoOMFicw 
Vs Cth, satLy IIT BEE Te Ar PERE 3 DH PE eg V BZ 
MiGHO 5 DICFETS, LVS FAZRON SH 
Ke. COARMED FO RIMAGE, AHA DAEHHO & 
HICFHVYELZBUCWTC, HAREM ME 
DEBIRAT HL 1 BCH RC, ISR ES ICES Ze 
{LEC L, OV CHMOD 32 —YEYMTS 
t#KZbnS. KERKKD6, KAMMBAOME 
(LiF CALM bNSDA, LORMABAD dD, 
BR ORBIC Lo CHHABRA RROFO LICE 
Ke. t+-HPFVI ORANG RRL, HAF eV ARITL 
DEWCWHSM, COMICEoTI PAY FVTSR 
SeRMADS 7g bb ACV SOMASKNS. LoL, EB 
RHE CL, KORICISMERIBC oC SLIDER 
7s\>, OV CHIARIL, BORO SMED A BE IZ ERA C 
Sieve LES, MIAO APC Isit SANFL 
HIER eS SEG CHHAB CL Liga, 
tkeLic. CHICM LUCK, LOCECL ME 
ARAB LCS. CHIL MHRACL HAD 
Hehe DCW SOL MRTG, MMO Bw 
fa MI Ole bei kot EXIT E 
BR} BBA: 

cis, WikCkKy RX RNA OBM (SHER 
KL), KAGE > BRIE S <tr Pwr 
ATE E 5 ds AM BXEBR) te UO BMAD d, 
ENEHIAR Ch SA, AAW HORA Bic FB 
KW, LORERSLORMDK. 

3 PA #12-7vr+Oopioy se v sayy 

A (HB We Hi) 
BARIL, PROACHES 52-7 V+ EH 


Bot. Mag. Tokyo 


Vol. 73 


BELT, FRIRP-ARELUDOET SHRM 
baseal, TCA cycle ALBA, MMM AILEAL, MR 
{LV PERERA BAI O RAW eb OM 30 HebS 
Vs, RPL MICS SUBEON, (LORE 
th ABE LHR & Howe L ee. 

WHIM, KEEL OWTICL 2 CE 
KTS, X bd HED OMS OHaAT 
TREE +» DAS + EEE LOBA HD bH 150 G 
IKBLSEBRHEESD, HHCARGAO 5 vIcK 


BW ak, 


mea Ml AACeHItSBB 


11 A348 14.40~17.40 

I-11 FREE: BBO -LRRAORAMe 

Huila (HER YR)IIAT HE) 

FRAIL, KUBPIAR CO-KE B O tk te 
&, BBROLMICK OFAC BY TON 
fo. Pi TER > RAM i + BREA MH IR 
MAKE BBAEDICONT, CHOORBORRE 
HE + Mp > H+ BAF LOL 5 CBEST SPP 
Moana, BMA 10 HRic, 
FN 60 ton/ha-yr (CIMT SHABALDSHSH 
7. N, P, K GEOFBRTROFMRRL, 
HEN 4.3~3.4, 2.9~2.4, 0.3~0.7 BEG, 
APL SE dE OAS 7 BBM. WEOES 
Te IT OV TH DE RBIEOWBCES LW OUN, 
TLE D> bEAMKA DEB OEE CHS. 


I-2 @H HM: Kee L eRe (BR PI 
RIES) 

AA KRit, —KEBOMMRS, a) BROLER 
Ick bio THRS SHO HE, b) +3 ORT 
SM, c) PAROMHNE, d) BBicst Swi rwy 
t RHI, © 4—\c He HE OL, Salisbury, Knapp 
TREAMDFHOF—REG|IAULTON . DUG 
BB SMOMGICIOD, HEOWROWNEL, & 
PAGRE TVS AICBE LTH <a> (RML 
ODI) SM NIIC, ERHVICId SewWiEls, 
TOW De SEITE TAXA HHH UK. OL < 
IC, HOYAWO RM CME ica 
MWChECLE, BRE (MAE AR - HMoRe 
WBA DHSS) LV 3 SLUR ORI Ie 
EMEA Shite. 


m-3 HMB > DAB AWC S—-KEB 


Nov.—Dec. 1960 


(HESS AJI[BEBE) 


RM RORM MR Ct, ALILIRE EY 7 Feds PAI 

Bice lL SbABOLEK WCB SBBOREE 
LOT, BERAIA FLREAWO, Blitbr 
BRE REON bk. BROUEM, Jk 
WOR LocCch rey, Yeu, AK Riis 
LOY Ait Clits 7e ODS, MBE CIS US 
LCBO. ECICM=SA CS, 505 BRHITE 
ABHTWELI 7, HK + HY BE 
DFAIRA SNF, TREBICHRE RIK (7 
B2Y; VR, AYA, AY 7, DIZ 
Vir) BATFHATELCHRATS. LEeLES 
Hh Crt, HAR OCHEMD 4 t= 7LES. Lieto 
T, OEDCOKINITEATSL, CHORE 
OMAICIG UT, DRORBBATIALHWICHE 
CLPERBS HE. 

DSC, KHSEHBROMADLLIC, H 70 F 
DBAAOC, WIEN MAT ke bh. Fi 
it, SKBAROBMH ek-KEE t —KEBOM 
AICO NC, MMA LEA, HEDIAOXOL 
TetmMITILE Lito. MBL CH KREBLX 
KEE & KAT SDE SEF 2, KAUN + HH 
kd & this EOP CHAE ESHBT SA, HERS 
d3 % frag t Foor. 

DEITBAKA6, BROMMICMELS SHOR 
PEICOV CH FORMERS DO, HERRERA OM 
PRC Ped Ted» BAGH 9 (CLE OE E Fev T LDS 
HiShic. ERMMOBEICALHARMMEE 
{EL BEAL OMRIZOW CORMITH LG, fH 
Rists lA “HIRAI EDT SO” Lb eR 
Lic. ERRERHREICOU CIs, HI KDSBEO 
WRONG. 

KIUNCBASBBIZOW CE, BKB ES 
=7JEL CEE SPAM Mico. HMRI, 
2VYA7 bTeEAORAIT<Y ONT, BKOMAD 
wM-AC, RMAOLEE CE, DROVOAW EG 
POBAEBMCE SORE HL, FRR CHIT 
AMVRBRER Li. ER FRROLBOVYS 
YYFBICOW CAMBS ofa, Keel EO fe 
, dE ORAM MAMITILY bicdsor, 


Ey 


se IV EMO Ka 
11 144 13.00—16.00 
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BER RE 
Wl BR Ae AWS - ARR WE: 


PBA OD COs [Elz 

Whole cell FhBURHK CS, 127 ORE 
EbmM2TCMCOR BE DOENS. (4A He MX 
TeitHlE, 4CO.DL DE AUMABH ZV». CO>-free 
air C4 4 VAR Ee Se bt, Ne HG MCO, FE MN& 
ChHEATHbNS. Tirbb, MIER IR 
CO2-[A EIT UBE7e energy & HAT Shit Ch Sd. 
cellfree preparation # 4 %\.C HS OPEL 
CO2- falz&% ADP DFE F CHRA PSTLMC 
2S: 


WV-2 Heo - Bh - Re HB: BEIT 
I51T SPBIKAICIG & RR Le RABE 

Streptomyces autotrophicus (iW & KX lis O 

energy & FAUT, COn-AeEe F753. CO, EO 
EW TABIKAM TIE, SHC Ne Hic RH Lic 
De 4CO. WSHSBRBA CH, COME Zi Is 
= 4, Hydrogenomonas facilis (Cisv» Ch, Fi 
PRICK Cc COp- ERED CXS. 

IV-°3 FeWhei® : 3¢GEZHO photosynthesis 4 
chemosynthesis. Chromatium sp. © 
photophosphorylation, pyridine nucleo- 
tide reduction } carbon assimilation 
pathway 

Chromatium \c 4 photophosphorylation (x, 

Pt + RIM ROAMe & brebiwe xiv 
K type cyclic ® photophosphorylation Gi 4b 
EZ%bHS. HICKS reduced pyridine nucleo- 
tide DBMILRLD Sire». COz OFA 1b i 2 
CH: OIABMAGHSA, He CLS DPN OF 
STOMA CBC STEAMbA 7%. ATP & DPNH2 
OPER IU, Kore HATiZIsvs Th CO. O 
ANMELARwO A. CORG ic LTIx, cyclic photo- 
phosphorylation (Cis STE FOUWHNAEKEITIT 


D5 Sm, LWITEMMMBC Hor. 

(Hee FS) 

V4 #& HE + AIA ABE - BART ¢ 
HIBS © BEBE SAIC 


BEE Ise 3s COTM Pseudomonas denitri- 
ficans 2x6, cyt. c52 } cryptocyt.c WZGEh 
%. cryptocyt. c (i NO. 2 RGSS, BFE 
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SEIT IST SEMAN CdS. BLISS 
SRP OLOCAMMLMICLotTabH, £9 
= hte &P id nucleotide FICO A < AR LT 
B. AGREE FICHE Lic Ma Cid, BBR IOS 
Abhicv.. EE OM| D5 lk, cryptocyt. cM 
PbdIz cyt. 8 B2oONS. COMAICMLT 
It, BAEC L SERARO BMA it See. 


IYAA-Yvar 


iL DPE LIGEM AF IUD Fb, ARIEO 
5 LLG « FRR eee TS 2 A, AG 
CL AMMO, PiLee Series feok 
cL LR Choke. 

Smk 65 B AA2H, YTS ARAB HM 
RMSE, ABT O HALMHIT die SKM A> SBT 
ZAR C, AGMA O Phe i BQ 
C, JEVEBAS Lic AA REMEBITA 3. teh Om 
He AMILIKOIEE CO(E OOD, SHITHMICAA> 
ASB USM EWA A 5 CAPD, BRO, 
HEIL DS O KKZEAAZMS UME. 10 RTS e. = 
FEMLC<K ABS EES T, WNOT YD DZOKSD 
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BYTE REDO, Mieps7 vem 
COMME CDEAMSICS, &IRKOEAE 
pote, WRC 1, RATPEOMEET OEE 
brat, MLICMLSARHOE. 

11 ARLE. MEO EDA L, Kee 
Ate NC. ICMPSER MTA, fe AR 11 
DCARITAM BME icldvot. BRR, fl 
Dx BOPIAIC OV CRUD 9, o< DO ERIA 
PAV Lic. CCl, BRICBELTHS 10 FH 
<<, #9 700m? OWBEIL VDM MHDS x 5 EO 
i dic 0 KM Lice a> CS. mie OKT 
2+), BAR RM Mt Oo av 7 ya YANEB 
CaS KpsBLICRETSABSA ol. 2BO 

alk, ENE FR IBEL AL cAHe 
¥é, KUMICLT LC iikik Le. 


% ABH 

SHRP MEMELL FX) YARRA» b EA RIC 
wR LELE. Efe 1961 #1 AL Dee, 
FREE RAPES Kitab 0 ESN SPE 
oe a 


SES BARBRA 10 A O14 Aisme< moe ELE, 
ASBBAW NRA RIAA 11 A4 Bete <eoiceo ELE. 
SoS RMORERLET. 


